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Preface

Geomagnetism as a science began with the concept put forth by Gilbert in the
16th century that the earth itself is a magnet. Secular variations were discovered
in the seventeenth century. With the observations of transient variations of the
field in the eighteenth century it was generally recognized that geomagnetism is a
dynamic phenomenon. By the end of the 19th century a large number of mag-
netic observatories were established around the world. Through coordinated
measurements from many stations, the worldwide nature of major disturbances
was established., At the same time the greatly increased volume and precision of
data made it clear that the phenomena being studied were very complex. Early in
the 20th century, the intimate connection between solar and geomagnetic
phenomena was ascertained from the correlation of recurrent disturbances with
the 27 day solar rotation and later by the observed relation between magnetic

storms and solar flares. The important fact that the geomagnetic field interacts
with a continuous stream of solar plasma was established only during the last

20 years as a result of satellite observations. Today it is generally recognized
that the geomagnetic field is a complex feature of the planet interacting with its
environment in the solar system.

A workshop on geomagnetism was held at the Air Force Geophysics Laboratory
on April 6-7, 1979 to (1) survey the present state of knowledge of the geomagnetic
field during quiet and disturbed conditions; (2) obtain an overview of the work being
carried out around the world both from the ground based networks and satellite
observations; and (3) reach concensus in the informal workshops as to what analyt-
ical and experimental work needs to be done to make significant progress in our
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understanding of geomagnetic variations, which will in turn contribute to our
knowledge of magnetosphere, ionosphere, and geological processes, The two-day
program consisted of tutorial lectures, brief contributed papers, descriptions of
magnetometer networks, and discussion groups. Each session was assigned a
reporter whose responsibility it was to summarize the session for the Proceedings,
Each session forms a section in the Proceedings. A copy of the program is
included as well. We readily acknowledge, as can be seen from the program, that
the workshop was biased toward ground-based studies.

We hoped that by means of the Workshop the participants would become familiar
with the AFGI. Real Time Magnetometer chain and would be encouraged to use both
the pulsation data and flux gate measurements from this network. David Knecht,
with support from Charles Tsacoyeanes and Bob Hutchinson, was responsible for
the network development. A report prepared by the above describing the network
and data handling system is available for distribution. Paul Fougere is responsible
for the scientific analysis and utilization of network data,

Bob Hutchinson, Dave Knecht, and Paul Fougere, all of AFGIl., worked with
me in planning and organizing the Workshop. 1 am deeply grateful for their energy,
enthusiasm, and effectiveness in carrying out the many tasks it entailed. [ would
also like to thank Bob Hutchinson, Peter McNulty of Clarkson College, Bob Filz of
AFGL, Pat Hagan of Emmanuel College, and Fred Rich of Regis College tor
handling various travel arrangements, the logistics of contractual efforts and
other details of the Workshop. I would like to express our appreciation to the
speakers for the quality of their presentations and to the reporters who did an
excellent job in summarizing the results in a timely manner. Bob Hutchinson and
Susan Gussenhoven acted very effectively as my co-editors in preparing the
Proceedings and I am grateful for their assistance,

Work done in the Workshop was supported by Air Force Contracts F19628-77-
C-0122 and F19628-79-C-0102,

We wish to thank all the participants for a very stimulating and rewarding
meeting.

Rita C. Sagalyn
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P aftry

Proceedings of the Air Force
Geophysics Laboratory Workshop on
Geomagnetism: April 6-7, 1979

i

I. Tutorial Lectures

The tutorial presentations were divided into three classes.
The first class dealt with our present understanding of the magnetosphere and

the potential for the AFGL magnetometer chain to contribute to further undcrstand
ing. Tutorials were given by 8. -I. Akasofu, R. McPherron, and D. Southwood.
The second class dealt with the theory and measurements of geomagnetic
pulsations and data analysis techniques that bring the two more closely together by
presenting the large amount of information obtained from spectral analvsis con- :
cisely. Tutorials were given by J. Hughes, L..J. lLanzerotti, J. Samson, and '

M. C. Kelley.
The third dealt with applications that can be made from increased knowlcdge

of the geomagnetic field and the variations. These included locations of natural
resources, determining the earth's conductivity, and predicting effects on long
conductors, such as pipelines. Tutorials were given by W, H. Campbell, J. Wood,

J. Hermance, and R. Reagan.
Rather than discussing the individual talks, the recorders have attempted to

present a coherent summary of these three general topics, The recorders were:
M.C. Kelley, W. Bellew, J. Hughes, and R. Reagan.

{Received for publication 10 August 1979)
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A. MAGNETOSPHERIC PHYSICS
(Reporter: M. Kelley)

1. Some Energy Principles and their Relationship to Magnetospheric
Physics

Study of magnetospheric physics began with the observation of short period
fluctuations of the earth's magnetic field, These were eventually shown to relate i
to auroral displays and solar activity. In the space age we have extended our data
base to include in situ magnetosphere and interplanetary observations and we are
now beginning to understand the complex relationship between 6B measured on the
ground and the current systems which form the magnetospheric cavity, It should
be noted at the outset that there are distinct limitations to magnetic field observa-
tions., First they respond to both "local” ionospheric currents and to distance cur-
rent systems such as those at the magnetopause, in the ring current, and in the
geomagnetic tail. Second, the extremely important field aligned currents and
associated Pedersen currents are almost perfectly shielded from ground observa-
tions. Thus an inspired combination is needed of such parameters as ground mag-
netic fields, electric field patterns, field aligned current measurements from
satellites, auroral imaging, interplanetary data, etc. It is thus not surprising
that many outstanding problems remain in magnetospheric physics,

Although eventually detailed three dimensional models will be necessary to
reproduce the complexity of the near space region of the earth, many of the prin-
ciples can be understood from the energy theorem of electromagnetic theory.
These results can also guide us in choosing key physical parameters for measure-
ment and in building a conceptual model. The energy theorem derives from the

stored magnetic energy in a system

L1 g2
WB i fB dv (1)

where dV is the volume element. We study changes of this quantity with time

which can be written

W —
a B 1 B . R 9
3t i fB at dv (2)
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Then using At - TXE, B ol and the vector identity ©.(F - B) R . (- )
- E - (¥XB) we have

ZAL _
ET fv Y dv f - (TY ) AV (3)

using J  o(F = V X B) and applyving the divergence theorem to convert the first

valume integral to a surface integral

.)\\
P fu xTi) - ds -

and finalty,

S el

-V xHB-T| av (4)

)\\

FO f(' YT - ds - f—(l\ f\ @ > By dv (5)

In words, the n'h:muv in stored magnetic energy in a volume equals the encergy
flux in, minus the resistive energy loss, ciinus the mechanical work done against
the .T ]_5 force,

This shows that the energy input to the magnetosphere in the form of stored
Mmagnetic energy, Joule heat, and mechanical energy is related to the Povnting flux
across the magnetopause.  Ina closed magnetosphere with the surface an equipo-
tential, no energy could cross the surface (f evervwhere ttormal} and there cauld
be no internal circulation (convection) and no storage of magnetic energy for later
release (substorms), Two popular sources for a companent or T parallel to the
magnetapause are viscous inferaction and recomection,  Both ol these processes
result inoa net component of IS parallel to the magnetopause and a net tlow of
energyointo the magnetosphere,

A steady state magnetosphere could be defined as one in which no net magnetic
feld energy s being added or destroved anvwhere in the svstem. Th~ can happen
in a geometrically static magnetic field configuration in which magnetic flux eroded
Feom o added to the front side is stored in or removed from the tail, Note that
this does not mean a dyvnamically stable magnetosphere since the Povnting flux
added can all appear as motions and J - B dissipation in the syvstem. Two exam-
ples of such effects are jonospherie currents and magnetospheric convection.  l.ess
obvious but equally important are energization ot enevgetic particles as their ©B

drifts take them parallel to F @ T - 0)and acceleration of auroral particles along

magnetic field lines when I - B = 0. Note that the conventional wisdom is that the

latter ocecurs when J“ exceeds some limit (when the 1onosphere cannot cope with

w5,
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the full J « E requirement) and results in finite electric fields parallel to Band a

finite J » E > 0 along B,

At present it is very difficult to add up all these energy sinks even if we knew
when the magnetospheric geometry was static. There are times when we know the
svstem is relaxing from some disturbed state, however, and we might hypothesize

that no major input of energy is taking place. Holzer and Slavin1 have studied

such cases by using data from out-
ward bound satellites which have de-
tected multiple magnetopause cross-
ings as it expands outward. The sys-
tem is thus approaching a lower
energy state since the dipole field
which extends to infinity is the
ground state for the magnetosphere.
The magnetic flux ®p added to the
front side is plotted versus the inte-
grated auroral zone magnetic disturb-
ance for nine cases in Figure 1. A
linear relationship is indicated which
suggests that the energy released in
the reconfiguration of the magneto-
sphere is proportional to the inte-
grated auroral index. By Eq. (5)

the energy appears as J . E dissi-
pation in the magnetosphere or iono-
sphere, plus convection, Note that
Eq. (3) shows that the inner magneto-
spheric convection is driven by the
magnetic flux storage in the distorted
magnetosphere, This reconfigura-
tion would presumably continue until
a dipole field was reestablished if no
new Pnynt‘ing flux entercd the systeni,

Figure 2.7
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Figure 1. Estimated Flux Return to the
Sunward Magnetosphere During Expansion
Events versus fALdt Taken Qver the
Same Time Interval (Holzer and Slavin')

A block diagram of this svstem is given in

Evidence for the importance of this Poynting flux is presented in Figure 3.

The parameter (see also Figure 2)

1. Holzer, R.E. and Slavin, J.A. (1978) Magnetic llux transfer associated with
expansions and contractions of the dayside, J. Geophys. Res. 83:3831.

2, Akasofy, S.-1. (1979) Interplanetary energy flux associated with magneto-
spheric substorms, Planet. Sp. Sci, 27:425,
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SPACE OISSIPATED ENERGIES
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Figure 2. A Block Diagram Illustrating How the Poynting Flux in the Solar
Wind and Incident Upon the Magnetosphere is Dissipated Within the Nag-
netosphere (Courtesy of Akasofu)

[ ]
( n;_o' ergs/sec)

£
12} R Y
1o}
s 14
w 8 1000
6 800
GOO:J
4 400
2 200
OF o]
7 501
0"—%
'5°+ m
y
L L L 1 L 1 L ]
7 '8 "9 " 10" w213 ie?

JUNE 1974

Figure 3. Data from June 1974, Showing the AE Index
(daihed line) and the Calculated Quantity ¢ = Vsw B (2

sin® (#/2) (solid line) to Illustrate Their Similar Variations
in Time. The lower panel gives D , for the same time
interval (Akasofu?)
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where V is the solar wind speed, B” is the interplanetary field (IMF), »ais tho

angle be:\}‘een the meridional component of the INMF and the dipole field, and ¢~ th('
reconnection area, is plotted along with the auroral index AE. This parameter is
basically the Poynting flux incident on the magnetosphere times an area related to
the reconnection region. The excellent correlation suggests that the Poynting flux
entering the magnetosphere drives the full spectrum of magnetospheric processes,
AMeasurement of this parameter could thus be used to precict auroral substorms.
The incident flux is apparently stored in the magnetospheric tail as magnetic
energy, WB' for a time and then explosively released during substorms. The
manifestations of such a release results in intense current systems, energization
of particles to high energy, and enhanced convection in the magnetosphere, all of
which are represented in Eq. (5). An example of auroral emissions recorded by
a DMSP satellite during a substorm are presented in Figure 4. The classical sub-
storm picture first presented by Akasofu3 as reproduced in Figure 5, was based
on all-sky camera coverage. This concept has been verified and expanded by this
satellite imaging technique.

Although considerable evidence exists for "reconnection’ as the main source
of energy input to the magnetosphere, definitive observations of a Dungey type
merging process at the nose of the magnetosphere, as shown schematically in
Figure 6, has eluded experimenters. Recent ISEE A/R observations by Russell
and Elphic4 suggest strongly that the process occurs in limited bundles of flux
tubes as shown schematically in Figure 7. They observed such bundles of flux
field with hot particles moving away from the sub-solar point at high velocity.

A test of these ideas is offered by Holzer and Slavina in an extension of the
study discussed earlier. They also studied times of inward magnetopause motion
and argued as follows. The energy input to the magnetosphere must equal that
eroded at the front plus thac dissipated in the ionosphere. From the results shown
in Figure 1 they converted the AL index to the equivalent net flux returned to the
front side by inner magnetosphere convection, added this to the observed flux
erosion, and plotted the result versus net magnetic flux applied to the magneto-

sphere, @ S“(B M, )A where A is the projected area of the magnetosphere,

AP

3. Akasofu, S, -I. (1054) The development of the auroral substorm, Planct,
Space Sci, 12:273.

4. Russell, C.T, and Elphic, R.C. (1979) ISEE observations of flux transfer
events at the dayside magnetopause, Geophys., Res, l.ett, 6:33.

5. Holzer, R.E. and Slavin, J. A, (1978) A correlative study of magnetic flux
transfer in the magnetosphere, J. Geophys, Res. 84:2573,
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frigure 4,

JUNE 15,1975

A Composite of DMSP Images Showing an Example of Auroral

Fmissions During a Substorm (Courtesy of Akasofuw)
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Figure 5. Time Development of a Substorm (Akasofus)
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DIRECT ACCESS OF SOLAR WIND
ELECTRIC FIELD TO

POLAR REGION

SOLAR WIND

=

EARTH

Figure 6. Diagram of the Open Magnetosphere in Which the Solar Wind and Earth
Magnetic Fields Merge (Courtesy of Kelley)

Note that this applied flux is also proportional to the Poynting flux in the solar wind
since FE ¥ B e, (-V¥B) v ﬁ"u“ \’B2 M Although scattered, a linear relation-
ship is indicated as shown in Figure 8.

This result suggests that during active times, 10 percent of the incident
Povnting flux in the solar wind is input to the magnetosphere, It is interesting to
note that the percentage is also roughly the same percentage of the total solar wind
potential difference, V,[., which appears across the magnetosphere, That is
VT HSW x 20Re 10-3 mV m ¥ 8> 108 m 800 keV, whereas the typical polar
cap potential is 50-100 keV,

The importance of this cross polar cap potential coupled with the field aligned

current patterns is clear from the following argument, Consider the vector identity

T- o) ov-J . T (7
with J the current and o the potential, In a steady state T.J -09p 8 Oandwe
have

F.0 To-J7 -T. 0 (8)

[t we consider anv closed surfoce and apply the divergence theorem, to kq. (8) the

total J - F energy dissipated inside the volume equals the surface integral of -Jo,

that is
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Qualitative Sketch of a Flux Transfer Event. Magnetosheath

Figure 7.
field lines (slanted arrows) have connected with magnetospheric field

lines (vertical arrows) possibly off the lower edge of the figure. As the
connected flux tube is carried by the magnetosheath flow in the direction
of the large arrow, the stressed field condition at the "bend" tends to
relax, effectively shortening the flux tube and straightening the bend.
Magnetosheath field lines not connected to the magnetosphere drape over
the connected flux tube and are swept up by its motion relative to the
magnetosheath flow (Russell and Elphic4)
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Figure 8. Flux Eroded from the Forward Magnetosphere During
an Interval of Contraction Shown as a Function of the Southward
IMF Flux in GSM Coordinates. Correction for returned flux is
applied (Holzer and Slavin®)

Figure 9. A Schematic Diagram of the
Magnetospheric Volume in Which Energy
from Joule Heating is Dissipated. The
volume is generated by rotating the heavy
line about the dipole axis (Courtesy of
Kelley)
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' Viewing Figure 9 we choose the surface to be toroidal in shape defined by the
closed magnetie field hinmes separating regions of oppositely directed e ith
“eaps’T oon both polar caps yust above the polar ionosphere. In the figure, the dark
line should be rotated about the dipole axis to generate the surface,

It is clear that it there are no radially inward magnetospheric currents across
the Loshell, the total energy input to the inner magnetosphere and tonosphere is

determined by the field aligned currents and the eross polar cap potential, Ulti-

ce e

mately this energy in turn drives all of the phenomena we know as auroral and

magnetaspheric phyvsices including disturbed neutral atmospheric winds and com-
position, auroral emissions, current syvstems, the ring current, and the Van Allen i 1
radiation belts. '

2. Relationship to the AFGL Magnetometer Chain

' The AFGL chain is a mid-latitude system and hence cannot directly be used
to study the energy input. Rather, it must be used to studv the mechanisms
| occurring in the inner magnetosphere which dissipate some of this energy. Twu
important electrical processes of this type were discussed which could greatly
benefit from the magnetic field data available in the AFGI. chain.
One process is illustrated in Figure 10 which shows raw data I'om the AV GILL

T RN V——

electric field experiment on the S3-2 satellite. The sinusoidal signal in panel 2
is briefly interrupted by a localized intense electric field located at the transition
between an II+ and ()* ionosphere (see the lower panel in which the ion current to
a plasma sensor is plotted — large ratios of ram to wake ion current imply heavy
0" ions). This large field was located at L. - 4 and exceeded 240 mV'm. The
total potential drop was about 25 keV across about 1 of latitude. The flow
velocity is plotted in Figure 11 for this data and another similar event the next day. S
It has been conjectured by Smiddy et al(i that such fields are generated in
response to magnetospheric currents due to the pressure gradients associated :

with hot plasma injection in substorms. Poleward fields rapidly can convect this

IRV R

6. Smiddy, M., Kelley, M., Burke, W., Rich, F., Sagalyn, R., Shuman, B.,
Hays, R., and Lai, S. (1977) Intense poleward directed electric fields
near the ionospheric projection of the plasmapause, Geophys. Res. Lett,
11:543,
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Figure 10. Raw Telemetry Data from the Spacecraft Magnetometer, Electric Field
Detector, lLangmuir Probe and Planar lon Probe during a Particularly Good Exam -
ple of Intense Electric Fields at the Plasmapause. Arrows in panel 3 show pertur-
bation due to a calibration sequence {Smiddy et al0)

plasma around the earth and thereby ease the pressure gradient. Banks and
Yasuhar‘a7 have suggested that a feedback mechanism exists to modify the iono-
sphere current even in the absence of precipitation. A suggested set of experi-
ments to study this process include the AFGI. chain, Millstone Hill, Robervall
complex, AFGIL, airplane, and the Tthaca auroral radar.

A second exciting area of research involves electrical coupling between high
and low latitudes. An exampie from Gonzales et 318 is plotted in Figure 12. This
shows a perturbed zonal electric field at Jicamarca in conjunction with a strikingly
similar zonal perturbation at Chatanika during substorm activity, The lower plot

displavs the time derivative of the horizontal magnetometer signal (dB” dt) at

7. Banks, P.M. and Yasuhara, F. (1978) Electric fields and conductivity in the
nighttime E region: A new magnetosphere-ionosphere-atmosphere coupling
effect, Geophys. Res. lett, 12:1047,

8. Gonzales, C.A., Kellev, M.C., Fejer, B., Vikrey, J., and Woodman, R,
(1979) Electric field coupling between high and low latitudes, J. Geophys,
Res., (submitted for publication).
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Figure 11, Ambient Electric Fields Converted into Flow Velocéties and Plotted in
Invarient Latitude Local Time Coordinate System (Smiddy et al”)

at San Juan which also has the same waveform. A different type of coupling is
shown in Figure 13. Here a rotation of the interplanetary magnetic field from
south to north (shaded times) seems to cause a rapid decrease in auroral convec-
tion and a simultaneous perturbation at Jicamarca. These phenomena could be t
studied using the same set of experiments although Millstone Hill would also have
to be orientea southward half of the time. Attempts to correlate with Arecibo and !

Jicamarca would be very desirable,
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Figure 12, (a) The AU, Al. Auroral Indices: (b) Five
Superposed Midlatitude Magnetograms (Kakicka,
Tashkent, Tangerang, San Juan, Honalulu): (¢) The
Eastward Component of the Equatorial Electric Field
Measured at Jicamarca, Peru: (d) The Westward Com-
ponent of the Auroral Electric Field Measured by
Balloon Detectors at College, Alaska; (e) The Time
Derivative of the Horizontal Cc.mponent of the Magnetic
Field at San Juan. Only for this case, the quiet bchav-
ior has been subtragted from the midlatitude magneto-
grams. The arrow in (b) points to the San Juan mag-
netogram. The dots indicate local magnetic midnight
(Gonzales et al8)
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Figure 13. Electric Field Data from
Two Auroral Zone and One Equator -
ial Site Along with INF and Auroral
Activity Indiges for 14 April 1978
(Kelley et al’)

] 9. Kellev, M.C., Fejer, B,G., and Gonzales, C.A. (1979) An explanation for
anomalous equatorial ionospheric electric fields associated with a northward

ki turning of the interplanetary magnetic field, Geophys. Res. l.ett. 6:301,
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B. GEOMAGNETIC PULSATIONS
(Reporters: ). Hughes and W, Bellew)

1. Introduction

Geomagnetic pulsations are hydromagnetic waves whose periodic nature is
caused by standing resonances of geomagnetic field lines in the earth's magneto-
sphere. While the propagation of such signals is reasonably well undetstood we
still need to investigate how these waves are generated, There are many possible
mechanisms most of which have a developed theory to explain them, thus experi-
mental research is now required to distinguish between them. We also need to
study the global vasiation of pulsation signals if pulsations are to be developed as
a useful monitor of the near-earth space environment. Lanzerotti in the second
tutorial showed how the Air Force chain, particularly when used in conjunction
with data from other sources, can be used to study both these problems very
effectively.

Geomagnetic pulsation research is a field where theory and experiment do
interact closely, advances in one have led to successes in the other and vice versa.
The new analysis techniques described by Samson in the third of these tutorials
will help bring theory and experiment even closer together and will undoubtedly be

used extensively in the future., More detailed accounts of these tutorials follow,

2. Pulsation Theory

It is generally agreed that pulsations are a manifestation of hydromagnetic
waves (Alfveéh waves) in the magnetosphere, and that field line resonance plays an
important role in producing periodic signals. However, important questions re-
main to be answered: How are the waves produced, that is, where does the energy
come from; how does this energy in the form of hydromagnetic waves propagate
within the magnetospheric cavity as well as into it (from the magnetosheath) and
out of it (to the ground); and finally, what is the sink of this energy, or how are
the waves damped?

Pulsations can be produced either external or internal to the magnetosphere,
Examples of sources external to the magnetosphere are the surface waves generated
on the magnetopause by the Kelvin-Helmholtz instability, and waves produced at the
bow shock or in the magnetosheath or cleft regions which subsequently propagate
into the magnetosphere. Waves can also be produced inside the magnetosphere,

These internal sources include plasma instabilities which fall into two classes.

Microinstabilities are the result of unstable spatial gradients in the plasma and
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produce a class of waves known as drift waves. Microinstabilities on the other
hand, are caused by unstable plasma distributions in velocity space. These gen-
erally result in resonant wave-particle interactions which feed energy into the
wave, Magnetospheric transients are another form of internal source., Informa-
tion about a change in field configuration must travel in a plasma as a hydromag-
netic wave. Pi2 pulsations are the result of the sudden changes in convection
associated with a substorm. Examples of pulsations produced by all the methods
mentioned here have been found and theories exist to explain most of them. What
we need to know is which are the dominant methods and can ve learn to easily dis-
tinguish waves produced by the various methods. We might expect that different
types of pulsation are produced by different methods, but so far there is little
evidence to either support or contradict this, except for certain very specific types
of pulsation (for example, pcl's produced by ion gyroresonance).

In a uniform cold plasma there are two hydromagnetic wave modes: the fast
2 2,2

(isotropic) mode, w” = k VA; and the transverse (guided, Alfvén) mode,

u2 = k”VA. Here VA is the Alfvén speed given by Vi = BZ/pop; p is the mass
density and TN is the permeability. In the magnetosphere VA is of the order of
1000 km/s and so a pulsation with a period of 100s has a wave length of the order
of 105 km or ISRE. This is comparable to the magnetospheric scale so the uni-
form plasma approximation is invalid.

In a non-uniform medium or magnetic field the two hydromagnetic modes
becomes strongly coupled. If we assume a harmonic variation in time and the
azimuthal angle ¢, (ei(m d’ﬁ"t)), then in a dipole field, B, the two modes are
described by the coupled differential equations

2 1 BXy
ppw’ +h B ¥ (3= B ¥])(rsinpEp) - )6 @0

E

2 . 1 . N S .
B oPW + hB_I_B <h3 B _V_) TBsing - m (B- b) (10)

lq

where ha and hB are geometric factors. However, when the disturbance is trans-
verse (B b = 0), Eq. (9) is decoupled and describes the poloidal mode in which
field line displacement is in the meridional plane (ll is radial and E is azimuthal)
and which is very localized in longitude, In the case of axial symmetry (m = 0),
the right hand side of Eq. (10) is zero and then this equation describes the uncoupled
toroidal mode in which the field line displacement is in the azimuthal direction
(b is azimuthal and E is radial) and L-shells are decoupled.

These decoupled modes describe oscillations of single field lines and so we
can calculate the resonant eigenperiod of a given field line, The eigenperiods of

30

A A et St S




GRETR Al

path modes are quite similar. Figure 14 is a sketch of how the resonant period of
q] the fundamental oscillation can change as a function of invarient latitude or L-shell.
There is a large jump in resonant period associated with the sharp change in
| plasma density, and hence Alfvén speed across the plasmapause; otherwise the
periods increase with the length of the field line,
The decoupling of the two hydromagnetic modes is, of course, an oversimpli-

A fication. When the full coupled equations are solved (which has only been done in

; simplified geometries) a fuller picture of the field line resonance structure results.
‘ i Figure 15 sketches the behavior of amplitude of a monochromatic signal in the
K i region of a resonant field line, as a function of latitude. %

Plasma

20087 Pause PcS
Period 10054 pral
HE s~ Pe4
Pc3
5 205 ~=7 Pc3
1
y 2 3 4 5 6 T 8
L Shell

k| Figure 14, Variation of the Resonant Period of the Funda-
mental Hydromagnetic Qscillation of a Single Magnetic Field
Line as a Function of L,-shell (Courtesy of J. Hughes)

Sense of
Polarization
Amplitude
of Signal
:
; - .
Magnetopause Latitude of

Resonance

Figure 15. The Amplitude of a Monochromatic Signal
(from a Surface Wave in the Magnetosphere), in the Region
of a Resonant Field Line as a Function of Latitude. The
changes in the sense of polarization across the extreme
amplitude values is also shown (Courtesy of J. Hughes)
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The figure is drawn supposing that the wave source is a surface wave on the
magnetopause. The amplitude drops off away from the surface except in the region
of the field line whose eigenperiod matches the period of the source. Here the
amplitude peaks sharply and there is a reversal in the source of wave polarization.
This switch in sense of polarization occurs whatever the wave source and follows
directly from the fact that energy flux propagates towards the resonance. In H
space there is a sharp change in the phase of the azimuthal magnetic field compo-
nent across the resonant region while the radial component shows much less
change. (On the ground the sharp change is seen in the H or North-South compo- .
nent due to the effect of the ionosphere.) .

When solving the coupled wave equations described above, it is found that a
damping term needs to be introduced in order to remove a mathematical singular-
ity at the resonant field line. There are several ways in which a pulsation signal
can lose energy and the overall structure of the signal depends on which method is
dominant. In particular the latitudinal extent of the resonant region is governed

by the damping rate.
An important and probably the most important source of signal damping is the

ionosphere, At the ends of the field line the currents forming the hydromagnetic
wave must close in the ionosphere and in so doing lose energy via Joule heating.
Another possible source of damping is Landau damping, which in this application
involves coupling between particle bounce frequencies and the wave frequency.
The generation of kinetic Alfve,n waves in resonant regions narrowed to a length

scale of an ion lamour radius might also play a role.

3. lonospheric Effects

Of particular importance to ground based observations such as the AFGL chain
is the part played by the ionosphere in the overall process. We have already men-
tioned that the ionosphere acts as an energy sink. However, the ionosphere also
shields signals with short horizontal scale lengths from the ground and causes the
polarization direction observed on the ground to be 90° different from the polari-

zation direction in the magnetosphere.

Figure 16 shows why this polarization rotation occurs. A signal with a net
energy flux into the ionosphere is shown schematically in the magnetosphere. The
electric field in this wave causes both Pederson and Hall currents to flow in the
ionosphere. The Pederson current effectively shields the incident signal from the
ground (as any signal is shielded by a good conductor) but the Hall current produces
a new magnetic field which is the one seen on the ground. As the Pederson and
Hall currents flow at right angles to each other, the magnetosphere and ground

magnetic fields are also at right angles.
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Figure 16. Rotation of the Polarization Direction (by
90°) in Transmission of a Hydromagnetic Wave Through
the Ionosphere (Courtesy of J. Hughes)

The ionosphere also substantially reduces the amplitude on the ground of any
signal with a horizontal wavelength much less than 2y times the height of the iono-
sphere E region, about 120 km. The ratio of ground to magnetospheric amplitudes
is given by

Ly

b /b~ 5 exp (-hk)

g m

where h is the height of the E region, k is the horizontal wave number of the signal,
and EH and EP are the height integrated Hall and Pederson conductivities of the
ionosphere. This attenuation means that very lucalized signals may not be seen on
the ground at all, and that all signals will be modified so that sharp spatial grad-
ients will be removed.

The role of the ionosphere as an energy sink is intimately tied up with the

structure of the electric and magnetic field perturbations along a resonant field

33




line, The amount of energy reflected by the ionosphere can be expressed using a

reflection coefficient given by

2

W

2
c”/an - VAEP

2 '
c”/4rm + VAEP i
where VA is the Alfvén speed above the ionosphere. So of critical importance is
the value of the number 47rVAEP/c2. If this number is near unity, strong damp- i

ing occurs as probably happens at night. During the day we expect this number to

be large which would result in low damping and in field lines being approximately d
fixed in the ionosphere., By this we mean small field line displacement or electric i
field, and larger field line tilting or perturbation magnetic fields in the ionosphere. zi
If, on the other hand, this number becomes much smaller than 1, which could
happen if the conductivity of a dark ionosphere becomes very low, damping is
E’ again low, but this time the ionospheric electric field would be large and field lines 4
. would act like a free ended string. Presently, a great deal of theoretical effort is
going into determining how the perturbation fields along a field line would look for
various ionospheric conditions at both ends of the field line. Of special interest
are the so called asymmetric modes which occur when one end of the field line is

sunlit and the other in darkness, which can frequently happen.

AT Evrir o e

4. Global Extent '

A major problem in geomagnetic pulsation studies in the 1970's, both theoret- :
ically and experimentally, has been the investigation of the latitudinal extent of
pulsation activity. Both the observational and theoretical aspects of this research
have resulted in dramatic breakthroughs in the understanding of the localization in
latitude of hydromagnetic waves, particularly the majority of the waves observed
on the dayside of the earth., While many nightside pulsations, as well as many
eveningside pulsations, remain to be investigated and understood, a fundamental
problem in the coming few vears will likely be the global, longitudinal extent of
hydromagnetic waves in the magnetosphere.

A number of papers in the last few years have addressed the issue of the
influence of interplanetary parameters on hydromagnetic waves, In general,
these studies have been limited to the use of a single groundbased or satellite sta-
tion in observing the wave activity, However. it is intuitively obvious that if inter-

planetary processes are important factors in defining the onset, generation, and

continuation of hydromagnetic waves, then these waves must exist over a more

global extent, Early work hy Troitskava and her collecagues showed the influence
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of the interplanetary magnetic field on the onset of hydromagnetic waves as well
as, for a single event, the global extent of hydromagnetic waves observed 1n the
Soviet Union and in North America (Texas).

More recently, with results important for the Air Force Geophysical labora-
tory chain, are the observations of the simultaneous enhancements of hvdroniug-
netic power observed in the Pc3 band at SANAL Station and at Siple Station in
Antarctica (Figure 17). These stations are spaced by approximately 3 hours
in local geomagnetic time, Simultaneous enhancements and depressions in hvdra-
magnetic power in this frequency were observed, However, little correlation of
individual waves were obscrved over such a wide longitudinal extent (shightiv less
than that of the continental United States, the span of the AFGIL. stations),

In addition, studies were made of the changes, around local noon, n the
orientation of the waye polarization ellipses at the two stations (Barker et allo).
These results show that while the orientation of the polarization ellipses changed
around local noon at Siple Station, no such change was observed at SANAE (Fig-
ure 18). The results at SANAE could not be attributed to induction effects in the
vcean in that no systematical orientation direction of the ellipses were observed,
Rather, the authors suggested that the plasma parameters in the magnetosphere
changed during the period of time in which the earth's plasma corotated over the
observing stations.

The only report on the global extent of hydromagnetic wave control by the inter -
planetary field was reported by Webly and his colleagues (Webb, et ulll). These
authors showed, !or 3 selected davs in which the interjlanetary field was in
the ecliptic plane, that changes of the interplanetary lield from a radiallv-outward
to a radially-inward direction apparently affected the overall enhancement of
hydromagnetic power in the earth's magnetosphere (Figures 19, 20, and 21).

These problems of the global extent of hydromagnetic energy in the earth's
magnetosphere are the key for understanding a large amount ol the hvdromuapmetic
character of the earth's magnetosphere and are problems that can be addressed
ideally with the wide longitudinal spacing of the AFGI. magnetometer network, It
is hoped that such studies will be extended and greatly elaborated upon in the com -
ing years.

Another topic of great current interest is the influence of hyvdromagnetic waves
on particle precipitation into the earth's magnetosphere. In particular, using

sensitive riometers and balloon-borne x-ray detectors in the conjugate region, low

10. Barker, M.D., lanzerotti, L.J., Robbins, M.F,, and Webb, D.C, (1877)
Azimuthal characteristics of hydromagnetic waves near 1. 4, J, Geophys,
Res. §2:2879, B

11. Webb, D., lanzerotti, [..J., and Orr, D, (1977) Hyvdromagnetic wave obser-
vations at large longitudinal separations, J. Geophyvs. Res. 82:3329,
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Figure 17, Field Variations (20-200 sec) for November 7-9) 1973, at ST and SA.

Data are missing from SA just prior to 1200 UT (Baker ot all0y
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Figure 18, Wave Ellipticities at ST and SA on November 8, 1073,
Plotted at the Same [ocal Times (Barker et all)
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Figure 19, Data from South Uist (SU) and Pittsburg
(PRB) tor November @) 1973, The east-west earth
current data from SU and the H component magneto-
meter data recorded at PB have been filtered in the
period ranges 20 to 200 sec, 20 to 30 sec, 30 to 60
sec, and 60 to 100 sec, as shown, Also shown are
interplanetary field data from Webb and Orr (1976),
The three orthogonal components (7, Y, X) are in
the geacentric solar magnetospheric coordinate svs-
tem (7 1s essentially north-south and X is the radial
component) (Webb et allly
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Figure 20, Data from South Uist (SU) and Pittsburg
(PB) for November 28, 1973, The east-west curth
current data from SU and the H component ragneto-
meter data recorded at PB have been filtered in the
period ranges 20 to 200 sc-, 20 to 30 sec, 20 to 50
sec, and 60 to 100 sec, as shown,  Also shown are
interplanetary field data from Webb and Orpr (1075),
The three orthogonal components (7., Y, N) are in
the geocentric solar magnetospheric coordinate sys-
tem (7 is essentially north-south and X is the radial
component) (Webb et alt?)
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Figure 21, Data from South Ulst (SU)Y and Pittsburg
(PR for December 10, 1973, The east-west earth
current data from SU and the H component magneto-
meter data recorded at PR have been filtered in the
period ranges 20 ta 200 see, 20 to 30 sec, 30 to n0
sec, and 60 to 100 sec, as shown., Also shown are
mterplanetary field data from Webb and Ovre (1076),
The three orthogonal components (7, Y, X) are in
the geocentric solar magnetospherice coordinate svs-
tem (7 is essentiallv north-south and X is the radial
component) (Webb et allly
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level particle precipitation into the earth's magnetosphere has been observed in
association with hydromagnetic waves. One published study (Maclennan et alu) e

showed that the modulations of precipitation and variations in electric field (meas-

Cpeemks

. urements made on a balloon) were observed when the hydromagnetic waves were
localized near the region of observations (Figures 22 and 23). When the hydro- I
maognetic waves were not localized in latitude near the region of observation, the
modulation of the electron precipitation was not observed. Substantially more
work in this regard is needed in order to further elucidate the relationship ol wave
localization to particle precipitation modulation and to the influences on precipita~
tion of wave localization, including the possible generation of the kinetic Alfvén
wave in the localization region. This latter process has been investigated in

association with the possible generation of sub-auroral red arcs (l.anzerotti et al”).

3. Pulsation Data Analysis Techniques 1

During the past decade or so we have s¢ n rapid advances both in the experi-
mental techniques used to measure geomagneiic p'lsations and in our theoretical
understanding of them, Yet there remains an arra between these two, the repre- 1
sentation of experimental data, which has lagged behind during these advances, so 1

much so that much analvsis is still done using extremely outimmoded methods. Data

oy

analvsis techniques need improving because it is in the representation of experi- !
mental data that theory and experiment can be brought together, and so receive the
impetus and encouragement theyv need from each other,

Raw pulsation data usually comprises a series of vector measurements of the

)
| geomagnetic field equispaced in time. The analysis of time series data of this
1

type can be undertaken in either the time or frequency domain. In the past much
: pulsation data was analvzed in the time domain with wave periods measurc.!
directly from charts and polarization evaluated by using hodograms. Originally,
this was due to the lack of digital data, but by now most magnetc eters record
digitally, However, even with the advent of digital recorders, many workers still t
favor time domain analvsis becav<e of the difficulty of representing and interpret- ;
{

ing the wealth of information derived from spectral analysis.

12, Alaclennan, C.J., Lanzevotti, T..J., Ilasegawa, A., Bering, FE.A,,
Benbrook, J.R., Sheldon, W.R., Rosenberg, T.J., and M ithews, D. 1., .
(1978) On the relationship of N3 mHz (Ped) electric, magnetic and particle
variations, Geophys. Res, lLett. 5:403.

i 13. Tl.anzerotti, 1..J,, Hasegawa, A., and Maclennan, C. G, (1978) Hydromagnetic

waves as a cause of a SAR arc event, Planet. Space Sei, 26:7T77,
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Figure 22. H- and D-component Magnetometer
Data from Girardville, Superimposed on the
magnetic data are two components of the elec-
tric field data measured on a balloon at ~35 kin
altitude approximately midway between GV and
ILR. At the top of the figure is the counting
rate in the 45-65 keV channel of the X-ray de-
tector. Superimposed is one component of the
electric field data. All data have been averaged
at 30 sec intervals and filtered in the band

2-7 min (Maclennon et all2)

Methods to evaluate polarization information in the frequency domain and to
make objective representation of it have been developed (Samsnn”' l'—’). An exam-
ple of the use of these methods tc analyze a pulsation record follows.

The Fourier transform of a vector time series, such as is obtained from a
vector magnetometer, results in the generation of a spectral matrix for cach fre-
quency estimate in the frequency domain. This spectral matrix contains all the
information about the signal over a discrete and usually small range of frequencey
space, The problem facing data analysis is how to present the information con-
tained in this matrix in a simple, coherent manner, that makes it readily compar-

able with theoretical results.

14. Samson, J.C. (1973) Descriptions of polarization states of vector processes:
Applications for ULF magnetic fields, Geophvs, J. R, Astr. Soc., 34:403.

15. Samson, J.C. (1977) Matrix and Stokes vector representations of detectors
for polarized waveforms; theory, with some applications to teleseismic
waves, Geophys, J. R, 54:583.
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Figure 23, Amplitude of the Magnetic Variations at the Peak of the Two Wave
Events as a Function of Latitude (l,-value). Also shown are schematic repre-
sentations of the wave ellipse orientations and polarizations in the plane ap-
proximately transverse to the local magnetic field, Polarizations are not
indicated for the nearly linear hodograms observed at GV and Sl in the 1124-
1148UT event. The Siple amplitudes (solid dots) are plotted at 1. 4.4 be-
cause of the similf'xrities of the ellipticities of the Girardville and Siple events
(Maclennen et all2)

The spectral matrix can he represented mathematically as a series of (com-
plex) eigenvectors and eigenvalues., If we start with three components then we
require three eigenvectors. By analogy with quantum mechanics, each of these
eigenvectors represents a "'pure state' that is a single wave signal with no noise,

A matrix corresponding to a single wave will thus have one non-zero eigenvalue.
In the past workers have found the eigenvector corresponding to the non-zero
eigenvalue by first diagonalizing the real part of the spectral matrix, a tengthyv and
costly procedure when it is done for each frequency in the spectrum,

This diagonalization can be thought of as a rotation of the coordinate svstem
into a system of coordinates aligned with the principal wave directions, for example,
one direction would be normal to the plane of polarization, We now recognize that
this diagonalization is no longer necessary provided the matrix represents a ""pure
state, " which is usual in pulsation work. Instead the degree of polarivzation, a
measure of how pure a state the spectral matrix represents, can be evaluated
directly from invariants of the matrix, that is, from quantities caleulated from the
components of the matrix which do not change when the coordinate system is
changed, If the degree of polarization is high, that is, the matrix represents an
almost pure state, then this state can be derived directly fram the matrix without

any need for diagonalization, a significant computational saving,
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It the past we have usually represented the power spectrum of vectar data by
the power in three spatial coordinate dircetions. We can picture formmully obtain-
ing this information from the spectreal nuateix by operating on the materyy with an
operator formed from the unit vector in the direction of interest, However, by a
simple extension of this idea, we ean obtain the power in the signal in any given
"gtate' we wish to choose which can be represented by o unit vector in our com-
plex space of states. For example, to find how much power there is in the x diree-
tion we would use the vector (1, 0, 0); whereas to find the power in a wave circularly
polarized in the x-y plane we would use 1/2 (1,1, 0), This leads to two new possi-
bilities. First we can represent any wave data, whether of a "pure state' or not,
in a nine-dimensional generalized space (the nine dimensions arise from needing
nine orthogonal vectors to form a complete complex vector space) from which
arises the concept of a generalized power spectrum. Secondly, and this is prob-
ably the most powertul new tool presented here, we can, by a simple operation,
inquire how much power there is in any given wave "state" we might choose. We
can use this to test particular theoretical predictions of wave polarization directly
from the experimental data.

To illustrate this last point the analysis of one particular pulsation event will
be described. The data in question was obtained from Fort Providence in Northern
Canada and is shown in Figure 24, Tt is the Pc¢ 5 pulsations extending from 1300-
1900 UT which are of interest here. Figure 25 shows dynamic spectra of the power
in the three components, that is in the directions of the unit vectors of the meas-
urement coordinate system. The power remains at a fixed frequency of about

4 MHz and there is nothing to indicate that we might be near the latitude of a field
line resonance described earlier,

As explained in Section [, B, 2, the sense of polarization of a pulsation is
expected to change across a resonance region. As a first attempt to analyze the
waves, the dynamic power spectrum was computed in the directions of right- and
left-hand circularly polarized waves in the H-D plane. The results are shown in
Figure 26. There is little or no sign of a polarization reversal.

Becoming more sophisticated, we tried to find the actual state vector that has
been theoretically predicted in the vicinity of a field line resonance. Such a pre-
diction has been made for ground based data by Hughes and Southwood. 16 Con~
structing state-vectors from their theoretical results we computed the power in
the states expected just North and just South of a resonance region. The results
are shown in Figure 27. There is a dramatic improvement over those shown in

Figure 26. First, much more power appears in these states, Secondly, there is

16. Hughes, W.J. and Southwood, D.J. (1976) An illustration of modifications of
geomagnetic pulsation structure by the ionosphere, J. Geophvs. Res.
81:3241.
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Figure 24. Magnetic Variations Recorded at Fort Providence
in Northern Canada, December 3, 1877, PcS pulsations ex-
tend from 1300-1900 UT (Courtesy of Samson)
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Figure 25. Power Spectra of the Magnetic
Variations shown in Figure 24 in the Meas-
urement Coordinate System (Courtesy of
Samson)
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Figure 26. Power Spectra of the Magnetic Vari-
ations shown in Figure 24 in the Directions of
Right and Left Hand Circularly Polarized Waves
in the H-D Plane (Courtesy of Samson)
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Figure 27. Power Spectra of the Magnetic Vari-
ations shown in Figure 24 just North and South of
a Resonance Region (Courtesy of Samson)
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a sharp change at 1400 UT, Before this time most of the power at 4 MHz is in the
North "state vector" whereas after this time it is largely in the South "state
vector,' thus indicating that the latitude of the resonating field line drifted North
passing over Fort Providence at 1400 UT. (The dotted contour in the lower panel
shows where most of the power at 4 MHz occurs in the upper panel,)

This example illustrates two major points, First, that this method is very

sensitive to the particular state vector chosen, as shown by the dramatic differ-
ence between results in Figures 26 and 27. Second, that this method can test

actual theoretical predictions easily and directly using real data, It should also

:
b

be noted that it is simple and cheap as no diagonalization of the spectral matrix

is needed. It thus makes a very powerful addition to the data analysts® tools.
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C. APPLICATIONS
(Reporter: R. Regan)

1. Introduction

The direct practical applications or utility of increasing our understanding in .
a scientific field is often difficult to identify. In the case of the geomagnetic field, '
however, and in particular the external field, there are a number of immediate
applications that are served directly by the studies reported at this conference, '1
Before discussing such applications, however, it is useful to provide the necessary :

perspective by outlining briefly some pertinent aspects of the geomagnetic field.

2. Constituents of the Geomagnetic Field

The geomagnetic field is conveniently and naturally divided into three parts:
internal, crustal (or anomalous), and external. The internal field is the more |
stable primary field arising in the core region: it is broadscale spatially and con-
tains only extremely low-frequency temporal variations. Routinely monitored by
magnetic observatories, repeat stations, and satellites, it is well described quan- i
titatively by mathematical field models, which serve as reference standards for
the reducgtion and analysis of most magnetic observations. J

Superimposed on this field is one of higher spatial frequency arising from the ;
fact that certain materials and structures in the crust (the outermost tens cf kilom- i-
eters of the earth) modify the internal field. ILong the object of natural-resource
investigators, this field is routinely mapped by ground, air, ship, and satellite H
measurements to aid in the search for minerals and fossil fuels,

The third component, the external field, is undoubtedly the most dynamic, 4
complex, and elusive., One might more accurately say external fields (plural), \
since this component arises from many sources in the complex interaction between .
terrestrial and solar magnetic fields and in other physical processes associated
with the solar-terrestrial environment. It is useful to separate these sources into
the broad categories of ionospheric and nonionospheric.

The important common factor that affects all applications (and even theoretical
studies) of the geomagnetic field is the fact that any measurement of the field is a
composite of these three components. Because of this factor there is a need for
communication between investigators having primary interests in different facets
of the field. At the least, each must have a knowledge of the other components for
the purpose of removing them to isolate the signal of primary interest, In the areas
of practical applications, this complementary signal/noise relationship is the basis

underlying the need for a better understanding of the external fields.
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3. Crustal Anomalies and the Search for New Natural Resources

Nowhere is the need for good external-field models more evident than in the
mapping of the anomalous field, As known supplies of natural resources diminish,
the search for new resources takes on a new importance. Anomalies in the crustal
field often lead to resource deposits., However, magnetic surveys are no longer
conducted to map the most obvious anomalies. Rather the effort now is on broad-
scale studies focusing on more subtle secondary indicators of such deposits. Such
an objective demands more accurate measurements of the crustal signal over siz-
able regions of the globe. Up to the present, the development of instruments, both
for direct ecasurement of the magnetic field and for supporting measurements
(such as positional location), has been the limiting factor in such surveys. Now,
however, the limitation is how accurately the anomalous signal can be extracted
from the measurement of the total field. As the result of the concerted efforts of
a number of workers over the past few years, it is now routinely possible to
remove the effect of the internal field from total field measurements by subtraction
of an accurate geomagnetic reference field. However, the same is not true for the
external field, Indeed, we are just entering an era in which both the need and the
inability to correct for external (terlnporal) variations is becoming very apparent

8.

It is now accepted practice, when making magnetic survey measurements, to

(Langel et al, 17 Sugiura and Hagan

set up a temporary fixed magnetometer station for recording the temporal varia-
tion of the magnetic field. Then, under the assumption that the measured temporal
variation affects both the fixed monitoring station and the survey magnetometer in
the same fashion, ihe variation is removed from the survey data. However, there
are several problems with the assumptions made in this technique. One involves
the coherency of the input signal: another involves the effect on the input signal of
the heterogeneous conductivity of the solid earth. These two factors, not previously
treated in a fashion adequate for the needs of magnetic surveys, reduce the effec-
tiveness of this technique and limit its use in routine applications. The most
desirable method of accurately removing external-field effects would be the use of
accurate mathematical models, similar to those for the internal field, to account

for the various external sources. If such models existed, survey data could be

17. l.angel, R.A,, Fabiano, E.B., and Mead, G.D. (1978) The Utility of Surface
Magnetic Field Measurements in the MAGSAT Program, NASA Tech. Nem,
79614,

18. Sugiura, M. and Hagan, M. P. (1979) Geomagnetic Sq Variation at Satellite
Altitudes: Is Sq Correction Important in MAGSAT Data Analysis?,
NASA Tec, Mem. 80248.
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corrected accordingly, and a magnetic anomaly could be defined to be the meas-

C
ured field minus the internal and external fields (Regan and Cain”).

4. Terrestrial Conductivity

Complementary to the mapping of the anomalous field for resource studies is
the use of the external field signals to map the structure of terrestrial conductivity.
Such studies, which are primarily useful in resource studies and in the investiga-
tion of the gross internal structure of the solid earth, also are useful in developing
effective external-field corrections for magnetic surveys and in determining the
response functions of ground-based magnetic observation, In these applications,
the aspects relevant to the objectives of this workshop are the need for more accu-
rate definition of external source fields and the need for knowledge of conductivity
structures near points where observations of external-field phenomena are made.

Another need for increased knowledge of the external fields arises because
they are useful as source fields; no energy is needed to generate these naturally
occurring source fields, However, there is no control over the characteristics of
these fields, and it is therefore mandatory to have a complete understanding of
their pertinent characteristics, particularly their frequency and coherency
(Hermancezo). Frequency determines the depth of penetration, which is related to
the skin depth, the depth at which a field of a particular frequency decays to 1/e
times its incident amplitude. Thus various external fields have varying degrees of
utility in the study of the conductivity at various depths, and it is essential to know
both the frequency and the morphology of the particular source signals so that
horizontal and vertical discrimination can be made. Additionally, just as a
knowledge of the external-field signal is needed in mapping the conductivity struc-
ture of the earth, a knowledge of the conductivity environment of external-field

monitors is needed for better discrimination of external-field signals.

3. Long Man-Made Conductors

While external-field signals can be profitably employed in the study of the
natural conductors of the earth, the same physical effects can be quite troublesome
in man-made conductors such as power lines, telegraph lines, and (more recently)
long pipelines. Such effects have long been observed, and they are now routinely

evaluated each time a new type of long conductor is installed. The conductors

19. Regan, R.D. and Cain, J.C. (1975) The use of geomagnetic field models in
magnetic surveys, Geophysics 40:621,

20. Hermance, J.F. (1978) Electromagnetic induction in the earth by moving
ionospheric current systems, Geophys. J. Rastr. Soc. 55:557.
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contribute an unwanted effect on the space environment, and they are subject to
unique corrosive effects resulting from external-field signals. This is of partic-
ular concern in the case of pipelines in the auroral regions, where signals are
large and where pipelines are built because of the considerable oil and gas supplies
known to exist. Part of the Alaska pipeline, a colossus compared to others in the
United States, is located in the auroral regions, where the geomagnetic-disturb-
ance energy may be a hundred times that which troubles engineers at lower lati-
tudes. Auroral activity is accompanied by ionospheric currents, the auroral
electrojets, which induce currents in the conducting earth, Such currents are
channeled into paths of highest conductivity, either those of geological origin or
those, like the pipeline, which are man made. The pipline has an end-to-end
resistance of about 6 ohms, It is essentially a surface-grounded conductor,

800 miles long, running from about 69, 3° geomagnetic latitude (at Prudhoe Bay
on the Arctic Ocean) generally southward to about 61, 6° geomagnetic latitude (at
Valdez on the Pacific Ocean), crossing the region of auroral-zone maximum.
Campbell21 made a series of measurements, mostly in the Fairbanks area. with
two magnetometers at 10 and 50 meters from the pipeline, Using the measured
variations of the field, the Biot-Savart law, and expected values of magnetic activ-
ity indices, he concluded that the induced current would exceed 700 amperes at
least once every three years in that area, and even higher values are likely a
little further north. Fortunately, the average current in the pipe is only about
1/2 ampere.

Akasofu and Merritt22 monitored the induced current in a local power-trans-
mission line in the vicinity of Fairbanks, using a grounded-neutral line (138 kv,
100 amps), 166 km in length, running between Fairbanks and the generator site at
Healy. By comparing the induced current in the transmission line with records of
earth currents and H-component magnetic-field values at College, it was found that
the fluctuating currents in the transmission line were clearly the result of auroral
induction. On the basis of these measurements and model studies, up to 8

amperes of d.c. current were determined to be flowing in the line,

6. Relationship to the AFGL Magnetometer Chain

In all these practical problems arising from such diverse applications as

mapping the anomalous magnetic field, making geomagnetic-depth soundings, and

21. Campbell, W.H. (1977) Average and surge values of electric currents induced
in the Alaska pipline (abstr.), EOS 58:1128,

22. Akasofu, S, -I. and Merritt, R. P. (1979) Electric currents in power trans-
mission line induced by auroral activity, J. Geophys. Res. (submitted for
publication).
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monitoring the effects of induction on man-made conductors, the comnom need s

! for better definition of the external source field, The magnetometer network for

the International Magnetospheric Study (IMS) (Lanzerotty et ;‘123) wius designed

I toward this end. Included in this design was the AFGL. Mugnetometer Network, x
In addition to the stations participating in this study, magnetic observatories are

i operated by the United States Geological Survey (USGS) throughout North American

! to monitor not only the external but the internal field as well. The USGS supple- "y
ments such observations by its well established repeat-survey program, designed
primarily to monitor the slow secular variation of the internal field, As reported
by Wood at this workshop, the USGS has consistently maintained and improved the
magnetic observatories and is currently considering the establishment of niew

observatories in California and Florida.

L2

23. Lanzerotti, L.J., Regan, R.D., Sugiura, M., and Williams, D.J. (1976)
Magnetometer networks during the international magnetospheric study,
EQOS 57:442.
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Il. Contributed Papers:
- Brief Reports

The contributed papers, between 5 to 10 minutes in length, reflected the

same interests and organization of the tutorial lectures. !
1 The first group of papers were on magnetic pulsations with considerable focus ’

on the use of the AFGI. magnetometer chain, Papers were given by H. Fukunishi,
, I.. Greenstadt, E. Maple, P, Fougere, and W. Bellew,
' The second group dealt with three areas concerning magnetospheric dynamics:
' current models, magnetic signatures, and magnetic indices. Contributions were
from R. Wolf, J. Siscoe, R. Carovillano, M, Suguira, J. Barfield, R. Sheehan,
P, Tanskanen, J. Walker, J. Feynman, H. Garrett, and W. Stuart,

The recorders were W, Bellew and R. Sheehan.
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A GEOMAGNETIC PULSATIONS
(Reporter: W. Bellew)

Contributed papers on Friday afternoon dealt with current measurements of
geomagmetic pulsations with focus on the use, both present and future, of the Air
Force magnetometer chain.

P. Fougere and W. Bellew discussed two studies of sudden commencements
using the AFGL magnetometer network, The study by P. Fougere was of an SSC
produced by a very large solar flare of class 3B. The accompanying shock wave
from the sun travelled with an average velocity of 714 km /sec. The magnetometer
chain shows that the resulting disturbance on the earth travels from west to east,
attenuating as it moves eastward. If the disturbance is sweeping across the carth
from the sun it might be expected that the stations would respond in the order of
their distance from the sub solar point, that is, for the case studied, easterly as
observed.

W. Bellew, in a study of 17 SSC's occurring in 1978 demonstrates the superi-
ority of the search coil magnetometer to the flux gate magnetometer both for iden-
tification of sudden commencements and for revealing micropulsation activity
preceding the events. Other fine scale features that can be followed in time across
the chain are also apparent only in the search coil data.

E. W. Greenstadt reviewed current work in the origin of medium-~period geo-
magnetic pulsations. Determination of what the correct relationships are between
pulsations and the geomagnetic environment is currently under study by several
groups. There is little doubt that some connection exists between the solar wind
and pulsation activity at earth's surface. The Pc3 amplitude rises with increased
solar wind velocity and with decreasing cone angle. (Cone angle is the angle be-
tween the IMF and the solar ecliptic x-axis.) There are two principal models for
external stimulation of magnetospheric waves and pulsations. In one, the solar
wind velocity to drive magnetopause surface waves (Kelvin-Helmholtz), and in the
other, waves forming part of the quasi-parallel bow shock structure are trans-
mitted into the magnetosphere,

Greenstadt suggested five areas of research for further investigation, They
are 1) improvement of Kelvin-Helmholtz model in the noon-midnight meridian,

2) development of a quantitative signal model, 3) development of a global pulsa-
tion activity index or "input level', 4) correlation of the input level with solar
wind parameters, and 5) tracing specilic signals through plasma regimes from
the solar wind or magnetopause to the ground. The Air Force magnetometer sys-
tem can make significant contributions to the last three areas. One necessity for

improved data on pulsation origin, both for statistical and individual-case
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approaches, s a set of ground stations insulated from the strongest sources ol

geomagnetic variability but responsive to wave signals,  Some Jatitudes are much
better than otbers.  Pulsation period varies with geomagnetic latitude and i sub-
Ject to dynamic variation caused by changing plasma density in the plusmatrough,

This dynamic variability affects pulsation amplitudes through changing resonance

periods and is probably responsible for much of the scatter in correlation diagrams,

There are diurnal contributions to the plasmatrough variation where characteristic
density enhancements are visible at certain local times,

The Air Foree chain is advantageously situated for monitoring Pc4d pulsuations
comparatively free of plusmatrough variability and should be cquipped with the
computing and communication hardware, software, and stafl necessary to take
advantage, through internal or external usage, of its unique potential,

H. Fukunishi reported the results of o statistical study of the spectral ele-
ments of magnetic pulsations measured by induction magnetometers at Svowa and
Aizuho stations in Antarctica and at Husafell which is in the conjugate area of the
former two, The maximum entropy method was used to calculate power spectra of
the Il and D components at the three stations, phase differences and coherencies
between I and D components at three stations, polarizations, major axis orienta-
tions and ellipticities in the 1-D plane at three stations, and phase differences and
coherencies of H and D components between two stations.  He found that the major
axis direction switches across local magnetic noon, while the power intensity de-
creases greatly during the afternoon hours. This relationship suggests that mag-
netic pulsations observed near I. 6 in the daytime are odd mode standing oscilla~
tions of local resonant field lines excited by compressional waves, and that the
location of local resonant field lines changes as a function of local time. The
resonance region may be located near I. ~ 6 in the morning hours, while it may
shift toward low latitudes during the afternoon hours.

F. Maple discussed the polarization of geomagnetic pulsations and magneto-
spheric resonances, The discussion was based on data recorded at Strawberry
Hill, Mass., using induction coil sensors. These data show many occurrences of
linear superposition of pulsation wavetrains of different periods. The polarization
of the individual wavetrains can be observed by proper band-pass filtering (filters
of about one octave aidth can minimize superposition).

Stromg polarization trends of many sections of the data show that many of the
pulsations originate fom hyvdromagnetic wave activity, The oceurrence of ellip-
tically polarvized wavetrains persisting for two cveles or more, which constitute
half the data sample, are alse mdicators of hvdromagnetic wave activity,

Faor April 18, 1945, the maber of polarivation runs (maintenance of the same

- . . N [} . . o~ . .
sense of polarization Yar one complete 3600 potation) are examined as o function of
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veriod. The periods for peaks in occurrence form a geometric progression with
P I I [4

a ratio of 1.7 between successive periods.  The data are interpreted as a geometic
series of magnetospheric resonances with a fundamental period of (bhout H minutes,

The widths of the peaks of the distributions and the short average length of the
polarized wavetrains show that the resonances have low Q's of about 4 or 5. The .
implied energy losses presumably occur in the ionosphere, although wave-particle

interactions at higher altitudes may also occur., A large magnetic storm (maximum

[V UL, .=

Kp 8-) occurred on the night of 17-18 April 1965, and the station was inside the
southern boundary of the expanded auroral oval from 0000 to 0600 EST, The large
pulsation amplitudes observed during the storm indicate that the strong source of ¥
encrgy exciting the resonances during the 0000 to 0600 EST interval was different
from the weaker excitation source for the following 0600 to 1230 EST interval.
The resonances were essentially the same during both intervals,
It would appear to be very difficult to develop a theoretical basis for the geo-

metric series of resonant frequencies that has emerged from the present analysis.

It must be noted, however, that previously published observational data provide as <
much support for a geometric series as for a harmonic series, A reconciliation }
between theory and observations awaits further investigation. '
3
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B. MAGNETOSPHERIC PHYSICS

(Reporter: R. Sheehan)

The Saturday morning session of contributed papers in the AFGI. workshop
included three areas of interest to users of AFGI. magnetometer data: models
involving magnetospheric and ionospheric currents, ground based or satellite
magnetic signatures, and magnetic indices., In this summay the grouping of talks
is done according to the topics mentioned above, Although some talks overlapped
two areas, the emphasis of a presentation usually made the choice reasonably casy,

A model described by R, Wolf uses satellite data to obtain the polar cap
potential drop and global conductivity pattern as inputs, from which self-consistent
plasma motions and currents in the magnetosphere are computed. Midlatitude
magnetic signatures derived from the Biot-Savart law prove to be very sensitive
to details of the magnetospheric-ionospheric current systems. Comparisons with
an example of AFGL magnetometer data show some agreement in gross features
but not with much detail. In a similar vein, the complicated influence of a mag-
netospheric current system was discussed by G. Siscoe, who represented the com-
bined Region 1 and 2 field-aligned current systems in an unusual way. By con-
sidering the currents as two offset rings of in and out currents impinging on the
ionosphere, the magnetic effect at the earth's surface comes from a dipole-like
source which depresses the main field at dusk. The partial ring current is thought
to cause this depression, but, as this treatment suggests, a part of it might be due
to contributions from other current systems,

R. Carovillano presented a model which calculates ionospheric electric fields
from field aligned current inputs and a global ionospheric tensor conductivity
model, An interesting result of the work is a clockwise rotation of the polar cap
electric field direction as the strength of the Region 2 (equatorward) field aligned
current system increased in strength relative to the Region 1 system. M, Sugiura's
modeling procedure, on the other hand, uses ionospheric potential and conductivity
patterns as input and calculates the field aligned currents necessary to keep the
current density non-divergent. With uniform conductivity, field aligned currents
corresponding to Regions 1 and 2 were found at the inflections of the potential.
Enhanced auroral zone conductivity shifts the field aligned currents relative to the
potential and causes the region 1 system to be the chief one.

Comparisons between midlatitude magnetic signatures and observations at
synchronous orbit were discussed by J. Barfield. He noted that the two sets of
signatures were often similar when substorms were known to be occurring. How-
ever, the D component at synchronous orbit can be affected by the position of the

satellite relative to the magnetic equator. His conclusion that ground based
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magnetometers at midlatitudes were in a good position to observe substore.s was
supported by a qualitative indexing scheme introduced by R, Sheehun, Based on
magnetometer data from Fredericksburg and B oulder, the results showed that af
stations from a midlatitude longitudinal scector were used to deseribe auroral zone |
magnetic activity, as would be the case with the AFGIL. chain, the locul time varia-
tion of midlatitude signatures became important, ‘The local time sector near dawn

appeared to be an area at midlatitudes which is least sensitive to aurorual zone

disturbances causing Al enhancements.
P. Tanskanen showed a DMSP satellite image with spectacular torch-hke
tongues of aurora extending to high latitudes, During the hour prior to this image,
the AFGIL. chain stations recorded long period oscillations of periods about o
1 2 hour or longer. He speculated that the oscillations could be related to currents
on the same spatial scale of the large auroral features, Rough hodograms {rom the :
data exhibit counterclockwise elliptical polarization of increasing amplitude, :
One consequence of fonospheric currents in the polar cap and auroral vonce is
Joule heating, J, Walker commented om these currents and the occurrence of !
sudden stratospheric warmings which affect the polar vortex, which in turn mtlu-
ences global climate,  There is a correlation between temperature changes in the '
stratosphere and Al but the fact that there are many substorms over a winter
season, but only a few stratospheric warmings, indicates that other factors are
invoived, such as solar proton enhancements,
Results of comparisons between mid and high-latitude magnetic indices were i
nresented by J. Fevnman,  When the ratio of aa, a midlaritude index, to Al is
nlorted against aa there is considerable scatter which cannot necessarily be attrib-
utedd to inaccuracies in deriving the indices. This implies that different causes
contribute to the indices, Correlation of both AE and ap with several solar wind
narameters also indicate that different processes govern the behavior of AL and
ap, In a related example it was observed that world wide 11 component fluctuations
on the order of 107 at midlatitudes often do not appear related to substorms and
tigh-latitude magnetic bays. Such fluctuations occur during noisy periods in the
M. H. Garrett used 11 years of solar wind data to study correlations at increas-
ing time lags between magnetic indices and various combinations of solar wind
parameters, AL showed the best correlation with v“)(BZ\ in the solar wind, On
the other hand, Dst showed the highest correlation with itself, a finding praobably
related to the persistence »f velocity in the solar wind. Solar wind parameters
involving the IAIF or its variance have shorter time scales, Magnetic indices
having correlations with these parameters at near-zero lag time lose their corre-
lation rapidly at longer lag times.
A final note by D. Southwood, speaking for W, Stuart, informed workers that
magnetic stations located in Scotland and Finland were approximately at the same
geomagnetic latitude as the AFGI. chain. These stations would extend the chain

sufficiently to allow coverage over nearly 12 hours of local time,
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. The AFGL Chain: Workshops

Workshops were held at the end of the conference for the specific purposes of
integrating the measurements from the new AFGL mid-~latitude magnetometer
chain with current research efforts within the wider geomagnetic community and
examining users needs in this regard. Again, the division of interests was a
three-fold one: magnetospheric disturbances, geomagnetic pulsations, and
applications. FEach participant elected the workshop of greatest interest for his
or her own work, A questionnaire (Appendix B) was distributed to better focus
discussions, For each workshop the chairman and reporter prepared joint reports
which are given below. In addition, several participants gave individual responses
to the questionnaire. These are included in Appendix C.

The workshop chairmen were J. Feynman, L. Lanzerotti and W. Campbell,
The reporters for the respective sessions were: J. Barfield, J. Hughes, and

R. Regan. R. Carovillano chaired a summary session of all workshops.




A. WORKSHOP ON MAGNETIC DISTURBANCES

(Chairman: J. Feynman; Reporter: ). Barfield)

The Workshop on NMagnetic Disturbances was held at Air Force Geophysics
Laboratory (AFGL), April 7, 1979, This summary report represents the major
points of discussion during the two-hour session. The purpose of the workshop
was to examine ways in which the AFGL magnetometer chain and other magneto-
meter chains could be best utilized for environmental monitoring and prediction
both in a research and a service capability.

The AFGL chain is unique in that it spans a longitudinal range of 3 hours
at 55° geomagnetic latitude. British stations already exist at the same latitude
which would permit*an extension of the chain to cover 8 hours. Because of its
unique position the AFGL chain provides information on magnetospheric param-

eters that are not readily available from other existing chains. The pi2 micro-

pulsations observable at these latitudes are good indicators of substorm occurrence.

The longitudinal extent of the chain can be used to determine the location of the
substorm current system for a considerable range of universal time. The addition
of the British stations to extend the longitudinal range would be very desirable.
High resolution data would be needed for the pi2's and the longer time scale would
be suitaple for the current systems. Also, the pi2's offer an opportunity for
short lead time substorm prediction whereas substorms can be monitored by the
"regular run’ data. The east-west orientation of the chain provides an important
capability for studying propagation of magnetic disturbances and is useful in inves-
tigating the asymmetry of substorm and storm current systems, In addition the
prediction of midlatitude perturbation maps could be undertaken. This type of
analysis has been developed by McPherron in his studies of global disturbances.

A number of new activity indices were discussed by the participants in the
workshop. It was agreed that while the traditionally available indices (Dst, Kp,
AE, etc.) are generally adequate for characterization of the overall magnetospheric
condition, additional indices are needed which would give information on processes
occurring within the magnetosphere. Indices which could possibly be formulated
in real-time using the AFGI. magnetometer data are: 1) A spectral index giving
the magnetic wave power in significant passbands. The AFGI, data could be fed
through a group of appropriate filter bands and the output time averaged to produce
an index of wave power in each passhand. The wave index could be combined with
realtime magnetic data from the GOLES synchronous satellite, to produce a sub-
storm alert package, 2) A real-time Q index as an indicator of the size of the
auroral oval. It might be possible to produce a real-time Q index using combined
data from the AFGI. chain, the IMS auroral magnetometer chains, and the DASP

satellites.
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In addition, a1t was felt that the midlatitude substorm activity index being

formulated by Shechan using the AFGL data would be a valuable complement to the
AL index. This idex would not onlv supplement AE, but could be generated in
near real-time. At present, the usefulness of the AE index is significantly de-
graded by the lag of several vears between the occurrence ol the geomagnetic
activity and the production of the index.

It was noted that magnetometer data from synchronous satellites could be used
to "calibrate’ the observations made using the AFGL, magnetic chain data, and
vice-versa. Recent work by Barfield and McPherron using observations of sub-
storm current systems rom simultaneous satellite and ground observations shows
that use of data only on the ground or in space leads, in general, to a distinctly
different interpretation of the substorm sequence than that given by the combined
observations.

It was felt that the data dispersal methods now used by the AF'GI. network are
adequate for examining special events, However, the usefulness ol the network
would be much enhanced by the introduction of a modern computer based data
access system. The system should include supporting application programs and
would accommodate broad-based studies. The development of such a system is
by no means a small task, but the resultant increase is the accessibility of the
data would permit studies to be undertaken that would otherwise be impossible. A
strong interaction between the AFGI, magnetometer chain personnel and the rest
of the scientific community would greatly enhance data utilization. This inter-
action could be accomplished by a number of mechanisms: retaining outside
scientists as consultants to AFGIL., with access to AFGIL, computing services:
visiting scientist programs; summer study programs; and organization of work-
shops to attack specific and well defined unsolved scientific problems,

Concerning plans for ground magnetometer networks in the post-1\IS period,
the group noted strong concern over the possibility that the INS magnetometer
network will be terminated at the end of 1979, The usefulness of magnetometer
network data is best demonstrated by studies combining network data with satellite
and other correlative data. This process takes a significant amount of time, so
that the network is only now beginning to show its power, The problem of the
delay in combined studies has also been compounded by the lact that there is a
significant time delay between collection of the data and its general availability,

It was also noted that there was a problem with lack of acknowledgment of use
of the data by scientists, Whereas the data is beginning now to be used, the
Washington agencies are not aware of it unless specific acknowledgment is made,
In addition, continuation of the network is important for future studies; it is not
feasible to take data for only special events, since it is not known beforehand when

the interested events are going to occur,
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The discussion then centered on two hurdles to continuation of the INMS net -
work: NS¥ is somewhat skeptical about continued funding, and the satellite data
system that relays the network data is a temporary arrangement, and it might be
necessary to timeshare a commerical satellite — TV channel in order to collect
the data.

It was agreed that the two problems would have to be addressed and solved in
order to continue the network operations, However, the group felt that those
problems were outweighed by the value of the network data. It was noted that the
network system is only now achieving 95 percent efficiency, and that after such an
investment of money and effort, it would be a great waste to shut down the system.
The following projects will need the support of both the IMS and AFGIL. magneto-
meter networks in the future: SCATHA, MAGSAT, DE, OPEN, POLAIRE, ISEE-C,
GEOS-2, DMSP, and environmental monitoring.

In conclusion, it was the concensus of the workshop group that the AFGL
magnetometer chain represents a unique and valuable facility for environmental
studies. In order to most fully realize the potential of the AFGI. data, AFGI. must
interact strongly with the scientific community to ensure exchange of information
and ideas. AFGL should establish a data base management system, so as to
assure choice of a proper format for the data and easy access to it. Having done
this, AFGIL. will be in a position to provide a critical element in the U. S, and
global environmental monitoring system.,

Attendees: J. Feynman, Chairman: J. Barfield, Reporter:; S. Gussenhoven,
W. Hall, J. Joselyn, R. McPherron, V. Patterson, R. Sagalyn, M. Shea,

R. Sheehan, G. Siscoe, W. Stuart, J, Walker, R, Wolf.
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' B. WORKSHOP ON GEOMAGAETIC PULLS ATIONS
! (Chairman: L. Lanzerotti; Reporter: ). Haghes)
! \
g 3
The workshop discussion on pulsations wis attended by sbout 20 interested |
o people and discussion centeredon four man topics: 1) Grgamization and presentation 1
- ! of the AVFGE network data, 2) Specific research projects for which the AFGLH net - 'y

PR

work would be userul, 3) A possible follow-up workshop to be held six months to o

vear [rom now and ) The vesearch the participants planned to do in the next vear, l
! The ideas ratsced in the discussion of these four tnain topies are collected un- 4
- der their respective headmgs,  Occasionally included are wdeas put forward outside ]
the framework of the formal workshop in dhiscussions during the 2 davs ot the KJ
teeting.,
1. The Organization and Presentation of the AFGL Network Data Set '
1
The meeting stresscd that in order for anvy data set ta be gsed officienty con o

scientific research it must be well ordered,) as free as possible Yrons ereor
presented m such oo w oy that o can be vasily scanned G0 fmd whnd s present ot

1 This applies cqually well to o data set antended for in-house scentie g=se as oot

as to cne intended Tor use by ourside mvestipntors,

——w

| It s clear that o great denl needed to be o done to the AFGE datae v ceder 0o !

i . - !

! it oo reach ths stadge. A conthict exasts af APGH Between domeg m-hou=e rvesenreh |
}1

1

! aod providing data for outside potential u-crs, 1 aas nomted out by borh oo

— s

and Knecht that AFGL s not o service organlioaton, ot 1s 0 about 1t baee o

3
\ one, and that manpower and resources sre quite lentted, Thonever the weening %
was able to describe some absolute miinimiun requirersent=s e ot presentation E
: even if it is only 1o he used for m-house rescareh, These requairenients are:
a. o A data Lo andhicating i sorre detan? Thee treves thar e s v b e s '
fram what stations, \
1 bo Starapge of the daty o mpnetio thnes i o tare R RN R -
’ outers,  Itoaould nrobably be best to bave s Ssets e oo iy e s -
& gate data and the ctboor contaorag the Secprobs o b datn it o et g e o g :
of the flux-pate o asnreent s, v bt oonmnl set comtiorn s Lo inute ave s ges
'; of the flux-gate data wonld beeooservd choug nor o nul=nt e v o,
oo Daily magnetoprar s toors ol the Stae s s ue e S Prhr b
! are alreade avatlable,
¥ A, Plots that can eas o b vimnaily e e br e 0t langtio ey et S,
h These are needed Yo o Treonens v borpdss te Pod-b by pr s ey 20 o
‘ 200 sec, and the el band oo b teas b oy T e, - ottces thon ot S
|
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grams. Stuart pointed out that the "typical" pulsation at these latitudes has a pe-

The method favored by most to cover the longer period band was to plot the
search coil data, averaged over intervals no longer than 5 sec., on a compressed
time scale (12 hour or daily plots). This has the advantage of being easyv and inex-
pensive to produce and quick to scan. An amplitude envelope would be visible and
since the natural geomagnetic spectrum weighted by the search coil response pro-
duces a maximum response in the Pc3-4 frequency range, a large envelope would
indicate the existence of power in this band. The disadvantage of this method is
that onlv the existence of activity can be determined without any clue of the fre-
quency or type of wave. A second method which would overcome this problem
would be to plot high pass filtered flux-gate data on a more expanded time scale,

for example, 10 min/inch. This would allow much more information to be gleaned

directly from the plots, such as wave period, amplitude, wave type, etc., but at
‘ ’ the expense of a large number of plots. This could effectively be done however if
programs existed to filter and plot specific data intervals at short notice, with the
possibility of doing quite extensive intervals.
There was less agreement about either the need or method of producing a
higher frequency wave index, which could have been because there was no "Pcl

buff'' present. A plot indicating power at frequencies greater than 0.1 Hz would

seem to be most popular, maybe produced as one plot per day.

There was even less agreement on the need for further routine analysis or on
customer service analvsis. l.anzerotti likened the problem to that of a satellite
experiment principal investigator who has an obligation to produce a usable data
set for the scientific community, but should not neglect his own science to do this.
Samson took one extreme view and would have stopped at stage 3 above. How-
ever, maost people (including Samson) felt that the existence of a standard set of
analvsis programs is essential for both in-house research and outside users,
These should be standard programs with variable input parameters which cuan be
chosen at the time of use. Such a set should contain a spectral analvsis program

with data sample length and frequency resolution to be decided by the user; a filter

allow the raw data, spectra and filtered data sets to be presented visually, on
scales selected by the user; and other more specific programs which depend on the
direction of research at AVGIL.

Questions were raised by several potential users of the data as to what they
can expect from AFGIL. What, for example, should someone do who is interested
in scanning 6 months of data for a specific sort of event of interest to him®

Would someone be able to do this for hitn at AFGL and send him data for just these

are relatively rare at midlatitudes and can sometimes be seen on the daily magneto-

riod of 90 sec.  and an amplitude of 5nT - Pi2 at night and Pc4 during the day time.

program with cut-offs and ‘or pass bands selected by the user; a plotting package to
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events: would he be able to come to AFGIL. und scan the data himself and could he
expect to find the data in scanable form, or should he request all 6 months of

data on tape” Would data be available at, say, 5or 10 sec, time resolution? A
specific problem was raised by Greenstadt who receives money to analyze this
data from another Air Force agency. He asked at what point in the analysis pro-
cedure should his agency start paying for the analysis. Most of these user ques-
tions had to remain unanswered in spite of the presence of both Fougere and Knecht
at the workshop, largely because both manpower and financial resources were still
unknown and because the volume of such requests could not be assessed, Users
were asked to submit specific plans to Sagalvn, at which time such problems could

be dealt with,

2. Specilic Research Projects for Which the AFGL Network Would be Useful

Several specific research projects were proposed by members of the workshop,
and are presented in outline form in order of decreasing detatl with which thev were
suggested, and the interest that they raised.

a. The studv of Pi2's - Tt was clear at the workshop that Pi2's are going to

receive extensive study in the next few years. Pi2's are impulsive wave events,
seen clearlyv at midlatitudes, and which are seen best near 2200 1.T and well over
the whole night side. Thev are associated with electrojet intensification (Samson)
which is not the same as auroral breakup (Southwaood) but they do mark the onset of
the expansion phase of a substorm (I'ukunishi), The use of Pi2's as a forecasting
tool or substorm precurser was raised and discussed and Babeock indicated that
the Air Weather Service was "watching with interest’.

The AFGI, chain makes an ideal network to study midlatitude Pi2's and their
relationship to midlatitude bays, and to study the evolution of individual Pi2 events
over the whole night side, especially if it would be used in conjunction with data
from the stations of Stuart's U, K. network at the same latitude. The relationship
between Pi2's at midlatitude and high-latitude phenomena with a view of its develop-
ment as a diagnostic should also be studied, This could either be an extension of
work at Boston College or a separate project,

b. Sclar wind ground correlations - Greenstadt indicated the potential of the

AFGIL network as a series of ground stations to use in correlating ground data with
solar wind parameters, Theit position below the plasmapause adds greatly to the
"stalnlity" of observed pulsations. In particular he invisaged a study using solar
wind data from ISEE 1 or 2, and AFGI, data, The study should try to develop an
"input index' for pulsation signals entering the magnetosphere and other pulsation
indices,

. Magnetosphere ground correlations ~ The need to study, statistically if

possible, the correlation between satellite ohservations of pulsations in the
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magnetosphere and observations on the AFGL network. Both ISEFE and the GOES'
SMS spacecraft were suggested, though neither is ideal. The ISEE orbits should
be studied for times when the spacecraft are conjugate to the stations.

4. E-W variation of pulsations - A study of the east-west variation of mid-

latitude pulsations, both as a function of frequency and local time was suggested,
and met with some enthusiasm.

It was also suggested that several "special' events be selected for detailed
study. This was generally agreed to be a good idea as this usually leads to a much
better physical understanding. However, a full discussion of this topic is left for
the next section.

The lack of local expertise in the lore of pulsations led to some discussion
(both inside and outside of the formal workshop) of the best way of undertaking
such studies. One suggestion which probably merits further exploration is that
studies be undertaken at AFGL with the help of an outside expert collaborator.

The collaborator would have a consultative role. He would be called in initially to
outline the project in some detail, and the work would be started at AFGL.. The
collaborator would return periodically at, for example, 3 or 4 month inter-

vals to assess the progress and results and to suggest new ways to approach the
problems or overcome existing problems. There would also be close contact via
mail or telephane between these visits. In this way AFGL would gain expert input
and direction for its projects; the collaborator would gain by participating in a
research project which he otherwise couldnot undertake; and the project as a whole

would gain from the AFGL analysis capabilities.

3. Special Events Studies and a Second Workshop

A substantial part of the discussion time centered on two related topics, One
of these was the selection of specific events for a detailed study and the second
was the desirability of a second, follow up workshop with a very specific brief,

One of the results of the IMS has been the organization of workshops to coor-
dinate the study of preselected potentially interesting intervals on a worldwide basis.
The intense study of a selected event can lead to a much better physical understand-
ing of the physical processes governing a phenomenon. The workshop thought that
the AFGL network data should be used to study specific events and several potential
intervals were suggested. Recently, at a IMS workshop in Tokvo, five intervals
for the study of pulsations were selected and discussed at a round -table discussion
chaired by Professor T. Saito. [t was felt that these events should be studied
using the AFGL chain, with the aim of having results ready to be reported on in
Australia where these intervals will again be discussed at an IMS workshop, The
intervals are listed in Appendix A. Two other specific intervals were suggested

by Greenstadt and are also described in the appendix.
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f Vst of the participants felt that wanother workshop, ona coore specific tapic ;
. antanth Tea any formal talks and much miore tiine for discussion, te be beld an E.i
f cocanths oo ovear's time would be very heneficial,  Some membiers folt that . B
o orkshop should deal with data From spect!ie intervals,) but the obaection '
| ' vos radsed that aleeady there has been many of those and they have not been .
e mstratively usefull Othier prembers felt that the woorkstn povoutd do better o |
coneentrate on o specitne subject, for example Pi2's) speciiie exionples O w bt !
could e srgdied betw cen noa and this fature work-hop.  In general, specific ides
vere:
a0 Feep it soaall, codoen ro 20 people at inost, 3
b, Brow in o (tane) theoreticim or two,
Pt i e i toopeouand dats peopnle, Satelhite people can over -
shcer nu cbherss harph one or tw speci e satellite people
RN
, LooHGL v qust betore the Australia 'neoting vn order to report findings there —
especaliy pmportant F studvaing the  Tokyo intervals',

. Mare at a P2 osorkshops then, the Australia timing os less tmporiant and o
conld be belbup to aovenr from now | tene for AJGY to work on thas subvect, How -
cvers, bothy the pulsation and disturbance people like this subrect,

Fhe oy purpese of such a workshop would be to assess AFGL vk up to

then an? neovide nea tdeas and inputs for it to continue, recognicmg the lack of

local “experts’and to o make a concentrated attack on a specitic problem and to

Aiscuss the problen Intormaliy to find areas of agreement and disagreen.ent,

ot
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: Lo Particrpants Research Plans
[ror b frman assed evervone present to give a bric! statement stating what ]
e s ey mntend fo pursue for the next vear 0 s, This was to give evervone L
anovlen T where nperests He and to try e g consensus concernmng portant
pecbiesrs, Toe obvions and immediate result of this was that Pi2's learly
crerged s the favorite subject to be extensively studied in the near future,
! Plrtioonnts e +
i
! K R Nevuse made of pulsations presentiy: Interested in Pi2 ]
studies, ¢
W, Bellew P'i2 studies.

R. Caroviboma Midlatitude signatures of substorm activity using AGI
chain,

A T

I § nkuishe ta) Piland TPDP studies using conjugate data and GEOS .
' data,
. (h)y High latitude chavacteristics of Ped, 4 and 5, i
I, Floorgere Pi2 and SSC studies using AFGI. coil and flux gate magneto-
. meter data, Preparve computer software for general studies
| using magnetometer data,
i
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E. Greenstadt Propagation of signals from solar wind to ground
(a) by tracing individual events with spacecraft dats and
ground data,
(b) by continuing statistical studies of Pc4 seen by AFGILL
and 5. W, parameters,

J. Hughes Study of Pi2 using geostationary satellite data (3 spacecralt
in F.-W chain).

J. Kim N-S and FE-W propagation of i3,
Network funded through 1979 — proposed for 2 more vears.,

). Knecht Fstablishing AP Gl data base: High and Midlatitude
correlations.

.. Lanzerotti =W studies using a find grid of stations: Correlation of
o3, 4 and 5 owith particle precipitation, Quebec stations
now operating and will do for foresceable future —together
with riometers,

. AMapel No ospecific plans.
P, Rothwell User services and work with Fougere,
J. Samson Pi2's — correlation of Pi2's between high and midlatitudes.

Association of Ped with shear curvents and large E-W

clectrogets:

develop predictor analvsis techniques.,  Network

recording will end July 1979 g0 that more effort can be

directed towards analyvsis,

D, Southwood Pi2 at ATS 6 - correlation of field and plasma data. Pc3
on the U, K, network - particularly I-W studies. Pulsations
and boundary crossings using ISEE 1 and 2 data. (ISEL
pulsation work with Hedgecock - Imperial College.)

W, Stuart Phase and Amplitude variations of Pc pulsations both N-S
Similar for Pi2 and their association with bays
(Samson: What's left for anvone else” Network good
through 1979 - hopeful for the futare,

and F-W.

P, Taskanen Correlation of DMSP photos and particle data,  Finish
balloon campaign (reported elsewhere) IPDP studies in

conjunction with Hedgecock

Raspopov, ond Troitskava.

R. Wolfe Correlation of AFGIL. and Bell Labs network data with solar
wind parameters - Particularly Pc3 and 4.

In summary, the meeting did not reach any deflinitive conclusions, but there

was much interesting discussion and many suggestions put forward which are

included in thi- report.
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C. WORKSHOP ON APPLICATIONS

(Chairman: W, Campbell; Reporter: R, Regan)

e

it

{
;

A workshop sesston on Applications Other Disciplines was held @t the Air
Force Geophyvsies baboratory on April 7, 1979 as one of three concurrent ses- i
s1ons Fornng the fimal portion of o Workshop on Geomagnetism,  The purpose of
this sesston was to eXxamine wavs i which the AFGLH and other magnmetometer net-
s orks could be best used Tor environmental monnoring and prediction and for
apphications to other disciplines in both rescarch and scervice capacities,
Consuderimg the needs of the various application areas, the 1,5, Geological
survey plans, the existence oFf an AFGEH nagnetometer network, the tenuous naturs
of the post NS study plans, and the state of Knowledpe of the phvsics and nature

cfexsternal Deld phenoenensg the follow e recommendattons and conclusions we

nde,

Fae=t o all, of paramount importanee is the need for models o the varous
cxternal Treld sources that are aceurate at the carth’'s surtace aver small tenporeai
/ snd o spatial dincensions. Such riodels can be utiliced mothe representiation o the i
external Nelds for theie removal Yrors rhagnetic surcovs and o ostudving the <onrec
Seld function for geomaenetic depth soundang investipat n= and celated stebies, '
Intirnately associated ctt such o requirenient is the need Yor diverse ver st !

grated spatial coonitorimg S the externg] Seld such as oo be roglised by e A O

However, tooextend s utiliog and bovaden ts applivetion 4 on vecoe - {

netarlk,

qrended thar cach Stotion be completols colibrated both in terms of instri entn!

sensitivies and stabibitv and coappine of the subsur o e electrical environe e, v;
This eorr should melude standacdization of proceedings to be fully conmpntibde

) sith those of the TSGs stations and oo complete program of absolute value Fase oo

detertinations, The Pmite distances over Chich the doata, as scen at an andivolnsl L
statien s could be considered as accourately representing the et d shoadd olso be

e, dete sooned, Also Sinee the USGS nlars and operations are quite complenientoors l

Iy

coorans o the ARG planes, there should he some sort of inteprated offorr Lo o

A= oot coramunieatton established and mgoitained betwoeen the e

e ey,

"y

Wihade st ot the it collected by the network s iennedintely applicable -
NPl o reers) there s alse s neod o doto suceh as this o be aonatable oo he e

cretal peess. While o dd e b e - |

Soemt e v estiontor s o and for varianrs e
shle o e able to provide each and every investigator with such dorg o the -
e Yarmat o dr is ot very practical noe ATGH s muission to dos so, 0 Hlowover oan

clectyce o procnise could be o veached by designing, in o consultation with Gotioe

cesesocber s o the Steld aoun o dora Forooat that ssould readily serve AP and

i3
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IV. Networks

Participants in the Workshop on Geomagnetism presented desceriptions of their

networks discussing instruments, locations, data svstems, and the availability of
their data to the scientific community,  Operating problems, future operations,
and suggestions tor special studies and new observing sites were also given con-
stderation, It is intended that this section serve as a quick reference for users of
netsork data but it is vecommended that readers desiring more detailed informa-
tiom than presented here~in refer to the various INS bulletins and newsletters and
to the referenced publications,

We realtze that there are networks past and present not acknowledged in ths
scection and suggest that thewr cmission may be a result of the travel or related
tinning and support dilficulties of the responsible mdividuals and not o retlection
cnonetwork location or value,

The material on the networks was as=scabled by R, Hutchinson,  Infornation
orcinedvordual nete orks was supplicd b D, knecht of the Ae Foree Geophysics
Laboratorey Networks .0 Walker of the Cansedian Magnetic Gbservatory Network;
W Stunet of the Institute of Geologe ol Sorences Network: o Joselvn of the TS, -
Comiedran (VS Necworks UV Pattersan 0 the e Wenther Service Network;

oo Tanskanen of the Scnmdinoaem AN Neteork; . Samson of the Tniversity o

Vbeo v Networks So=00 Akasodu of the Naskan Netaork, B Roastogr of the nedian
SNt o HL Pukundsbon of the Notional (nstitute f Polar Rescarch Network; and

AW o o thie Enited States Gealogical Survey Neteork.




A. AIR FORCE GEOPHYSICS LABORATORY NETWORK

The seven-station magnetometer network of the Air Force Geophysics l.abora-

+
f
H
'
’

tory is currently in continuous operation. Five data-collection stations (Newport,
Washington; Rapid City, South Dakota; Camp Douglas, Wisconsin; Mount Clemens,
AMichigan, and Sudbury, Massachusetts) form a 3800-km east-west chain at 55N '
corrected geomagnetic latitude, Two others (l.ompoc, California, and Tampa,

Florida) are separated by 3800 km at 40°N corrected geomagnetic latitude. The

principal instruments, identical at all stations, include a three-component

e L aams et s e

saturable-core magnetometer to measure the surface field and a three-component
induction-coil magnetometer to measure its time derivative, Sensitivities are
about 0,1 gamma and 0.001 gamma-Ilz, sampling frequencies are 1 and 5
samples per second, respectively. The data-collection stations are not manned:
measurements are made and processed automatically by micreprocessor-based
equipment at each station. Stations are synchronized and controlled remotely

from the data-acquisition station at AFGIL in Massachusetts, (Outbound control

. ——————-
e it otmAih o MMt - o TR e

and inbound data-return signals are transmitted on dedicated commercial voice-
grade phone lines. Signal propagation times to and from all stations are artifici-
ally made to be identical, so sampling times are simultaneous to within about 1

millisecond., Forward-error-correction techniques are used to assure accurate

data transmissions. Data from all seven stations are processed and archived in
near-real time by a dedicated minicomputer; values of the field and its time }
derivative are available within 20 seconds of the sampling time. -

Although this network was built to provide realtime data required by the Air ‘]
Force, and its completion during the IMS was largely coincidental, it is a useful h]

new research tool, The last station to be completed, I.ompoc, California, came
on line in November 1977. Figure 28 shows the geographical locations of the
network stations and Table 1 gives coordinate and installation information, The
three-letter designations shown for these stations are those chosen by
Dr. van Sabben for his standardized list.

One of the principal instruments at each site is the three-component fluxgate
magnetometer, It is actually three separate single-component magnetometers
combined into one instrument, sharing a common power supply, electronics, and

instrument housing. The instrument utilizes both coarse and fine feedback coils

et TR T T T YT

which produce a nulling field at each sensor to cancel the ambient component field

being measured. Current through each coarse feedback coil is incremented in !
units corresponding to 64 gammas until the field is nulled to within +64 gammas,

the range of the fine feedback coil. Current through the fine feedback coil is the

processed output of a sense coil, which results from amplification, filtering to
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Figure 28. Geographical Locations of the AFGL Network Stations

Table 1. l.ocations of the Data Collection Stations :

Corrected
Station Geomagnetic Geographic
Svmbol Name Coordinates Coordinates Government I
(Post Office) N lat F lL.ong N [.at W lLong Installation v
s
NEW 55H.2 299, 6 48,3 117.1 USGS Newport ‘%
Newport, WA Geophysical ki
Obscrvatory i
RPC 54.1 317.3 14,2 103. 1 Bllsworth b
Rapid City, SD Alr Force Rase i
DS 56,3 334.2 44.0 0. 3 Volk Field
Camp Douglas, WI (National Guard
RBase)
MCL 55.8 344.8 42,6 82,0 Selfridge Air
Alt. Clemens, MI National Guard
Base
SUR 55.8 1.9 42,2 71.3 Army Natick
Sudbury, \A lLaboratory
Annex
1.OC 40, 2 300.6 34,7 120.6 Vandenberg Air
Lompoc, CA Iorce Base
TPA 40.7 344.9 27.8 82,5 AMaceDill Air
Tampa, FI. Force Base
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pass only the desired frequency, and demodulation to convert the amplitude to a
de currvent.  This current is proportional to the remaining ficeld (not nulled by the
coarse feedback) and is directed through the fine feedback coil to make the total
nulling field nearly equal to the ambient component field. The magnetometer out-
puts are the analog voltage, which produces the fine-feedback current, and the
binary count of the coarse-feedback steps. The fine output 15 low-pass filtered to
avoid aliasing which might otherwise result from the low sampling rate,

Each of the fluxgate magnetometers meets the following performance specifi-
cations. The fine-feedback section, with a dynamic range of plus and minus 14
gammas, has an output sensitivity of 160 mv/gamma (that is, a full-scale output
of 10, 24 volts, positive or negative) with a full-scale accuracy of 0.06 gamma.
The output filter is a low-pass two-pole Butterworth type with a -3 db corner at
0.3 llz. The coarse-feedback section with a dynamic range of -65, 636 to +65, 472
gammas, has a sensitivity of 64 gammas/step (that is, a full-scale output of 1024
steps, positive and negative, with the first positive step being zero field). The
output is an 11-bit binary number (including sign) indicating the number of steps
incremented. Accuracy is 0.2 percent at full scale positive and negative, with a
deviation not exceeding 1 gamma from a straight line between full-scale values.,

Temperature drift is less than 1 gamma ¢ in both scale factor and zero-rield
accuracy. The three component sensors are aligned to within 0, 5 degree of orth-
ogonality and are mounted in a single housing equipped with leveling screws and
bubble ~-tvpe indicators.

The second of the principal instruments is the three-component secrcheoil
magnetometer. [t consists of a separate sensor unit for each of the three compo-
nents and a single electronices unit, Variations in the magnetic field dH dt induce
a proportional voltage in a long solenoid wound on a highly permeable cove. This
signal is amplified and filtered for compatibility with the sampling svstem. The
sensor unit comprises about 30, 000 turns on a laminated molv-permalloy core,

A Faraday shield surrounds the core and winding, and an outer jacket of PVC pipe
and endcaps encases the entire sensor unit. Two leads from the sense winding and
one from the shield are connected t -~ cables to the electronies unit,  In the fre-
quency range of 0 to 3 Hz the sensor alone has a sensitivity of 137 microvolts
gamma-Hz, The winding has I. 605 henrys, R 438 vhms, and € 1350 pico-
farads. Four gain settings are selectable on the amplifier (about 5, 10, 50, and
100 times 1000) to provide overall instrument sensitivities of about 0.5, 1, 5, and
10 volts ‘gamma~-Hz, The output filter is a four-pole Butterworth tvpe which pro-
vides an essentially flat response from 0,001 to 0.5 Hez; the -3 db point is at

1.4 Hz and the -10 db point is at 2,2 Hz, The -3 db point of the unfiltered output

is at 350 [17,
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The stations are generally located inisolated arcas of onlitaey bases, ol nre
accessible by road and served by power nnd phone lines. A heated and air-con-
ditioned trailer contains the magnetometer clectrontes and all other statoon cquip-
mient,  Instrument sensors arve located on separate heavy conerete plers and o
covered with smal) shed-like enclosures sitting on foundations asoloted fron the
instrurtent prers,  Underground cables connect the sensors to their clectronic
units in the teailer,

Raw Lita from the network are recorded in chronologmead orde:s o arohive
tapes, Phe dara on these tapes are cetornatted and compressed bu noo poe rra -
tion hos been discarde . Alagnetogrars ave produced vepularly oo the Tiled
arehyye tapes by the netwar k minicor puter, A sSeparate plot is produced Do vnch

staticor alomg withs o composite plot on ahich the traces of all stations are suner-

posed, Vhe amplitude seale fordinate) Tor each station is adjusted autorn ot iondy

to ke p the teace on scale, and these dhiffering seales are retained in the conposite,

I'be e seale {abeisso) can be selected, Three standard time scaites have been
chosen for rowine user (1Y Daily magnetograns, covering 24 hours troon noddniets
taomidnieht U7, provide an overall picture of daily setivity and the cecurrence of
stermns, (2) Two-hour magnotograrss, o 12-fold magnification, perimit the iden-
tiffeation of svudden conpnencements and sinilar features, (3) Trelves~ainure
stagmetograms, a facther 10-fold magnivication, plot ol data samples aithoa
averaging and afford the highest resolution,

Inquiries and requests for data mavy he divected by mail to Dy David 3
I{m‘cht.24 ATGLAPHEG, Hanscomy AVB ATA 01731 o by phone to knecht
(G17-801-3828), Taacovesnes (G17-861-3827), or Hutchinson (6817-581-37173),
tAutovon numbers are the exchange 478 tallowed by the Tast four digits given,)
Data will be Mirnished to the extent pernitted by the ava:lable rmanpower and com-

puter time,

24, Knecht, David J., Hutchinson, Robert O, and Tsacoveanes, Charles AL,
(1979) An Introduction to the AFGEH Magnetometer Network, Plasmas,
Particles and Fields Branch, Space Physics Division, AVTGL, Hansceom

AFT, MA 01731,
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B. CANADIAN MAGNETIC OBSERVATORY !

The Canadian Magnetic Observatory Network consists ol 11 observatories,
The locations of the observatories, their method of recording, and the date at
which data commences are given in Table 2,

A digitally recording magnetometer system (ANMOS) is the primary digital
recorder at all the Canadian observatories with the exception of Mould Buay., The
AMOS records values of the orthogonal components of the field and total force
once a minute on magnetic tape in a format which can be read directly by computer,
Depending on the orientation of the sensors the components recorded may be either
D (declination variation in nT), 11 (harizontal intensity), 7 (vertical mensity), or
X (north), Y (east), and 7. As of January 1975 AMOS at all sites record X, Y,

Z, and F.

A set of three component standard-run Ruska variometers recording the X,

.

recovder at Mould Bay, and provide an independent analog back-up svstem at

,and Z or H, D, and 7, compenents of the earth's magnetic field is the primary

Resolute Bay, Ottawa, Meanook, and Vietoria, The time scale of the Ruska
magnetograms is 20 mo hr. The hour marks at all observataories are initiated
on the hour by a crystal-controlled clock and last for approximately 15 to 20 sce-
onds,

The three-component tluxgate magnetometer inuse with the AMON provides
continuous traces of N, Y, and 7 on a strip chart recorder at ol AVOS stations.
I'ull scale chart sensitivity is normally 1000 or 2000 n'I') with automatie switching
to hall sensitivity at times of Targe magnetic disturbance,  The chart is operated
at 20 :nm hr. The chart also provides a visual indication of magnetic field
conditions,

A second untuned fluxegate magnetometer provides an independent digital back-
up syvstern at all ANOS sites.

AMicraofilny copies of magnetograms and hourly mean tables, and o magnetic
tape o AMONS data Yor cach station=veor s sent to Morkd Data Center AL Agencies
or persons restding outside Conada should request these data divectly oo

WHO =N Geomaghet s
NOAA

Boulder, Cov 80302
1.5,

hgital tapes are removed from the AVOS G the end of cach month (plus or
conts 1 oor 2 dans)) and sent to Ottaan Tor brocessing, A magnetic tape data
Sle, therelore, tends tao contain 1 month of AMONS data, The "time lag” referred
tocbelons s the perrod e after o recording pertod of Tomonth, Similarly,

Huska magnetogranrs are sent to Ottawa Lo eaerofilnving at the beginning of each

gy b

Py
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month and "time lag' refers to the period atter the recording period of 1
month.

Table 3 lists the services available and their approximate costs.  Prices tend
to be flexible; the actual cost may on occasion vary from that which has been
quoted,

Additional information may be obtained by calling the Geoamagnetic Observa-
tories Section at (613)995-5554,

A number of temporary magnetic variation stations are operating in the
AManitoba, northwestern Cntario, and Keewatin District as part of the International
Magnetospherie Study (IMS) which runs [rom 1976-18749, The fluxgate magneto-
meters at these stations measure the three components of the earth's magnetic
rield, The signals were recorded on charts in analog torm until Cetober 1474
when digital tape recorders were installed at most of the stations,  Later an
December 1977 a radio was added to some of the magnetometers tor real-time tele-
metry of the data,  These real-time data are available the following dav while the
analog and digital data are available aiter several months. These magnetic sta-
tions, their geographic and geomagnetic coordinates, the type of recovder, the
TAGA acronym for the station, and the data intervals are listed in Table 4. Sev-
cral channels of photometer datee are additionally vecorded at four Tocations A
indicated,  Otder magnetic variation stations, which were also in the Manitoba and
RKeewatin region and for which data are available are also listed in I'able 5, Theve
ave gapson the cecorded data at all magnetic variation stations because of nsteu-
rrental failures which have occurred from time to time,  No charge 1= naade 1o
cooperating mstitutions in the case of joint research prejects,  Additiona] detuils
are available from the Time Variation, Aurora a 4 Induction Studies Section ot
(H13) 995-3518.

The analtog tarer of the data is a magnetogram which consists of a plat of the
horizontal (FD, Jeclination () and vertical (Z) components of the magnetic field
as oo function of tiee which is indicated by hourly marks on the magnetogram,
These magnetograrms are available as either 35 mm microfilm copies of the orig-
mal records o s prints (125 enlavgements), A second form of the analog data s
the reconstituted magnetopram which s plotted trom the digital data, However,
digital data from the tape recorders are not customarily plotted on a routine basis,
and requests o aapnetogranss soulbd normally carey a surcharge ftor the plotting,
A third form of the analog data is the Ustacked” magnetograms trom the stations
which have real-time telemetey, These magnetagrams are of lower resolution

than the standard maenet grams but arve suitable for a quick look at the disturbance

level at a number ol stations, Cost of a magnetogram is £2, 00 and that of a micro-

filrm s 210,00,
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I'he dipgital data from the on-site tape recorders are available in either the

ortginal 10-second smapling riate or in the averaged 1-minute rate,  The 10-

second data contadn the station wdentifier, date, and time, together with 120 s -
vles of cach of the three magmetic clements 1 each 20-minute record, The 1=
e data also contain the station wdentifier, date, time, and 60 sanples of each
cortoonent moone G0-nmute record,  Borh data sets ave available on standard
computer tape n either CDC bimaey, BOD or ERODIC, or as o histing, £ The one-
A

F20.00 ror the mmagnetic tape and $15, 00 for cach file for data,

mntte digital data are also deposited with WDHC - Cost of the dipital data s

Real=time magmetie data from the six stations (Pelly Bav, Rankin Tnlet,

Foskimo Pomt, Back, Gillam, and Islond Lake) with telemetey are ovinluble the
Sl cwing VT dav from the TS Space BEnvironment Laborators, These data are
Seonnute averages of the 10-second data and thev are stored on-line for 5-10
davs, Thev can be obtamned direetly from the on-line coniputer at no charge with
a standard ASC I computer terminal operating at 110 or 500 Land,  Averaged
[~cimute digital data are atso obtained from these stations and are available
o WDCO=-AL Tt s currently planned to close the Churchill Tine of 10N stations
at the cnd of the AIAUSAT mission and to redeploy them for other studies,

Ficure 29 shows the focation of geomagmetic observatories and geomagnetic

recordimg sites operated by the Barth Physies Hranch, These magnetic stations

are located in the auroral, cleft and polar cap recions in order to study the large '

magmetic disturbances founed in these regions,

25, van Beek, G. Jansen (19--) Catalogue of Services for the Division of
p- Geomagnetism, Farth Physics Rranch, Fnergy, Mines and Resources
ﬁ‘ Canada, 1 Observatory Crescent, Ottawa, Ontario, Canada KIA OY3,
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Table 3. Canadian Observatory Data Services and Costs

Types of Data Description Time l.ag Cost
Analogue recocrds -hard copy of magnetogram 3 weeks $2. per
or plots of digital data; magneto- ‘
digital data are instantaneous gram !

values and not electronically

averaged or filtered

-microfilm 8 weeks $10. /100
feet rolt:
minimum
charge $10,

One-minute digital -1 minute digital data, no 1 month 835, for
data on magnetic baseline control first file
tape which in-
cludes cost
of tape;
. $15, for

each addi-
tional file

1 -1 minute digital data re- 4tob price as .
S duced to absolute standard months above !
! Hourly mean -provisional hourly values 3 weeks $10. per ’
values and ranges from one-minute data with- data month;
, (paper copy) out baseline control minimum }
L charge $10. i
b i
! ~-final hourly values and 8tol3 $10. per
hourly ranges with baseline weeks data month;
control minimum

charge $10.

-monthly and annual means 3 months $0. 25 per ("
with baseline control after photocopy.
year-end 1
Hourly mean -hourly-mean values for $60. per :
values and ranges values for Agincourt and station
(magnetic tape) Meanook from 1932 to (includes
1966 with baseline control tape)
-hourly mean values from $35. for
1967 on . first file
which
includes
cost of
tape; $15.
for each
additional
file.

. 80
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Table 3, Canadian Observarors

Diata Services and

Costs (Continued)

Tvpe of Data

K-indices

pAnnual Report tor
Magnetic Observa-
irurn-s

Forecases

|

|
(
f

tapid-run F chart

Description
-hourly ranges from 1967 on
except for Meanook,
Victora, Ottawa, Agimcourt
and St. John's

-tor AMeanook, Victorg,
St Johnts, Ottaaa; aval-
able tarce monthly

SHour-wech geamagnetie
Foresasts from Ottawa
Observataey issued every
three wecks

-Follow -up summary of ob-
served magmetic activity at
Ottana Observatory issued
every three weeks

-variable time base digital F
data in chart form; available
on request from Ottawa
Observatory

Tune lLag

Cost

1 week

1 vear
after end
ol vear

as above

none

$4.00 ‘copy
in Canada

none

none

$0. 25 per
photocopy
page
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C. INSTITUTE OF GEOLOGICAL SCIENCES NETWORK .

The magnetometer arvay operated in Furope by the Institute of Geologieal
sciences (IGS) evolved from an essentially N=S Line of stations operated inthe UK
since 1970, This UK arrayv extended from Lerwick (1. 3.8) to Harland (1. 2, 0)
with the addition of a station at Valentia, Mire, approximately 10°W of the muin
N-S line at I. 2,6, This array was supplemented by the (approximately) conjpugatc
pair of stations St. Anthony, Newfoundland (1. 8, and Haley Bay, Anturctica
(1. 1), which are geomagnetically 60 W o the Uk,

For IAS the magnetometers of the 1GS arvay were upgraded by the inclusion ol
digital recording on cassettes and the addition of stations in Western Europe which

. . . - .
were located to extend and intensify the network's coverage, The sites occupied n

northern Burope were chosen to optimize analyses in conpunction with the planned

schedule of GEOS 1. Table 5 1ists the stations used at various times since 1975 and

Figure 30 shows a map of the stations currently beimng operated hy 1GS, The sites
shown as squares have the prospect of continued operation for another 5 vears,
{ Also shown in Figure 30 are magnctometer arrvayvs in Furope which can be used n i
conjunction with the IGS arrav to provide intensive ground coverage Prom the
! auroral zone to midlaritudes and over a 3 hour local time sector,  Note that
extension of the AFGL network eastward links well into the Eskdalemuir- !
Nurmijarvit link of the present 1GS arrav, [t is expected that this E-W profile will
be extended by placing une of the twao IGS mapgnetometers i the USSR at the samee
latitude and approvimadelv TA7E of Nurmgarvi, I is alse boped G reacoupy o

station in Southern Scandinavia halfway between Eskdalemuir and Nuriiarvi,

The IGS magnetometers use Rb sensors, and a syvstem of backing ofF fields 1=

emploved to produce vector variation information.  Raw data, withour absolute
control of baseiines, is recorded as the NI and NW (g smagnetic) conmponents of !
the horizontal field and 7, Tl - three components are sampled simultancously at

2-1-2 second intervals and the sensor frequencies recorded serially on vassette |

magnetic tupe. Fight bits o data are vrecorded f'rom each sensor, Depending on
magnetic latitude the sensicivity in the range is set to 0,04 n'T per bit and 0.1 0T
per bit, The dvnanie ronge is not restricted by the use of cight bits since a doviee £
is uscdro "prevent” scale jumps in the recording (as when all bits change from
11111111 15 00000000%. This device improves the quality of directly recorded
analog records and s useful as o flag in the use of digital data, allow ing scale
nps to be identified and corvected for m-data preparation. Iis vnportant to
i note that the dynamic capability of the magnetometers is limited ondy i ties o
extremely rapid large field degressions and that the frequency response is at

from 100 nHy to DO Thus, although the instruments were desagned prirmariiy
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for pulsation work, the ability to see sunultancous background ficld movements

T

ts retained, A conversion of the cquipment trom Rb to fluxgate sensors is

expected to take place over the next few vears but the recording format and basic

)

.. . . . 20
spectfication will remain the same.

Cassetts are sent by post to FEdinburgh where thev are transcribed to machine
tape.  Transcription makes no corrceetions to the data and master tapes are written ;
at 1600 bpt in binary on nine-track tape.  The cassette contains 3 davs data :
from one station and is transcribed m H minutes, A logical svstem of filing
consecutive cassettes from each station on separate master tapes is uscd and
software for data retrieval s available, A 2400 ft. station tape contains 6
months data from a single magnetometer site, An analog record is made for cact
cassctte (for each station). This is used in fault diagnosis as well as for "quick

took™ selection of events, ete. Figure 31 shows a section of the quick look recard

with traces being NE NW, and 7 from top to bottom,  Figure 32 shows the san.e
event recalled from master tape with the scale junip removed (automatically) and
the records rotated to the conventional D, and Z.

Pata can be made available in preparved form (for example, as flat bed plors

using selected Nlters) in part analvezed form (plots plus spectra, oross spectra,
. . . 27 . o .
polarizativn, etel), or as dagital data, For users aho do not have the 1GS soft - ’

ware for data preparation the data can be provided in ASCIH on nine-track tape (800 " 4

or 1600 hpd. The format of digital data is shown m Table 1, Data of this tvpe
have been corrvected for scale jumps anrl an arbitrary base line is added,
Inquiries for copies ol data or proposals Tor cooperative rescarch projects
using the data feorn this areay should be addressed tor Dro W, P Stuart, Gea-
magnetism Unit, Institute of Geological Sciencies, Murchison House, West Mams

Road, Edinburgh, EH9 31.A. Telephone 031-667-1000, Telex 727 343, ]

24, Riddick, J.C., Brown, J.. and Forbes, A.0. (1973) A [Low Power V\ovable
Obscervatory Unit for Magnetometer Avray Applications. Instiute of Geo-
togical Sciences, Geomagnetism Unit) Report No, 17, Fdinburgh, UK,

’ 27, Mills, P.AL, Dyvson, K., Green, (LA, and Stoart, WL, (10--) The Data
Transcription and Retrieval System Use Tor Cassette Recording of the
[GS Rubidium Magnetometers, Institute of Geological Sciences, Geomag-
netism U'nit, Report No.o 20, Fdinburgh, 1, K,
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— T T T T T T T T T T T T T
15 nT
22 00 22 30 27 April 1976
n L I L L 1 1 1 | 1 { [ i

Figure 32. Final Format Per Master Tape (Courtesy of IGS)
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Table 5. IGS Magnetometer Stations
Coordinates h
i Station Geographic Geomagnetic Period ‘
}
Lerwick 60008 353249 62.53 88.97 1976 Jan-
Durness 58035 35114 61, 83 84.07 1977 Qct-
L.och T.aggan 57024 355048 60,27 83.20 1976 Feb-May, 77-
Earlyburn 55042 356 )48 55. 88 83.48 '976 Jan-77 June
Eskdalemuir 55,19 356()48 58.49 82.23 1976 Feb-
York 53 58 35855 56.79 84.51 1976 Jan-
Cambridge 52015 0303 54, 93 84.59 1977 Sept
Valentia 51056 349045 56.70 73.76 1976 Jan-77 March
Hartland 50758 355731 54.68 79.28 1976 Jan-T77 Apr
Tromso 69240 18357 67.03 117.13 1976 Sept-
Kiruna 67050 20( 25 65,15 115,95 1976 Sept -
Oulu 6505 25952 61.83 117.26 1977 June
Nurmijarvi 60731 24839 57.78 112.88 1976 Sept
Kvistaberg 39')30 17 )38 58.19 106,02 1976 Sept-77 June
Arendal 58°18 838 59,02 97.05 1976 Sept-77 June
St. Anthony 57004 308739 G2.62  18.34 1976 July
leivogur 64711 33818 70.28 71.57 1977 Apr-76 Aug
Eidar 65722 341903 70.80  76.33 1977 Apr-78 Aug
1 Torshavn 62902  353°41  65.39  85.19 1977 Aug
King Edward Point  -54°17 33324  -44.04 25.89 1976 July-
‘ Halley Bay 75°31 323931  -65.60 24,09 1976 July-
|
!
4
3
R/
3
4
!
ki
| "




Table 6, IGS Data Tapes for Special Intervals

9 tracks
800 or 1600 BPI
Odd parity

ASC1I

Block length 3960
I.ines per block 30
Bytes per line 132

[.ine Structure
Byte position

(10-min data)
(3 lines /minute)
(24 values at 2-1/2 sec intervals)

1-2 Station identifier

3-4 Year (last 2 digits)

5-7 Day (000-365)

8-Y Hour (00-23)

10-11 Minute (00-59)

12 Component (II, D or Z)

13-17
13-17 24 component field values

in 110 nT units
128-132 J (50000 added)

Lach line can be read under Fortran using a decode statment
Format A2, 12, 13, 212, Al, 24 F.5,1

The format used is a quasi-1 minute format with 24 com-

ponent values to a line,

These field values were recorded

at 2-1/2 second intervals during the course of the minute
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B LS CANADEAN IMS NETWORK

The Uos, - Canadian INS ground rmagnetometer network consists of 25 Stations
cquipped with flux gate magnetameters, digital cccarding, and mterface amits to
transmit data to the NGAA Space Fnvironment Laboratory, A radio hink oo the
NASA NOAA, SMS GO LS geostationary weather satellite is atilived for dota Qo
the network and a 26th station located at the SEL, Boulder, Colorado, inputs
directlv. The satellite transmission relay (STR) stations are located in thee
high-latitude and one midlatitude chain and include several stations that are nor-
mally part of such networks as the Alaskan (Akasofw), the Canadians (B 20w o

Walker), and USGS (Wood) installations,

The high-latitude chains consist of the Alaskan Chain along the 26001 apnene
meridian through College, Alaska, extending to the vicinity of the invaciant nole;

the Fort Churchill chain along the 3Z269F mugnetic meridian through Fort Churelbs'l,

Alanitoba; and an east-west cham along the auroral oval hmking the above ta
chains. Figure 33 illustrates the tocation of these chains and Figure 34 shows the
midlatitude TAMS network, A listing of all 26 network stations is provided in

Table 7.

In addition, two more Aleskan stations, lsaseson and Fureko, and o oidlatitude
station, Guam, collect data on site onocagnetic tape,  Data from these sites ahich
are out of range tor satellite relay are then mailed to Boulder for processing,

The magnetometers used by the thiree main Canadian nets and by the USGS are
generally EDA Instruments Inc, Nuveate units with models FAT-100 and FAL-100C
predominant., Not all DA units «pe: e alise: some are operated in a closed-
loop mode with automatic fecd buek and sone need manual =etting,  Fxte:rnal
standard cells arve generally used for reference ot each station with sensors
mounted in a block of lucite glass, orthogonal to 1 2“, and passive temperature
control obtained through deep burial,  The midlatitude chain magnetormeters are
set such that an output of +10 volts corresponds to £1000 ganima and high-lativude
outputs of +10 volts equalling £4000 y are common.  These magnetometers, undoer
control of a microprocessor in a data logger, sample once per sccond, then take
and store 10-second average values.

This stored data is then transmitted from the awtomatic stations to one of the
NASA 'NOAA, SMS (i« )ﬂ‘“% geostationary weather satellites in 12~minute blocks.

[t is then relaved to a receiving system at Wallops Island, Virginia, and tele-
metered to the World Weather Building at Marlow Heights, AMaryvland, The data
is then sent over a dedicated telephone line to Boulder, Colorado, where o
system of minicomputers (SELDADS) records and displayvs the data and prepares
tapes which are sent to the Environmental Data Information Service (1EDIS) (or

dissemination,

00

Ry




ot 4

L Ry e o vag

a2y

bt o b

The data is available to the scientific community in several formats:

I, "Stackplots” (see Figure 39) of the data for each component and for cach
chain are prepared from one-minute averaged data. These plots are available on
microfilin tor month-long data intervals,

2, The l-minute averaged digital data itself is available on magnetic tape,

I month at a time,

3. Ten-second resolution data are available on magnetic tape, a few davs at
a time.

To obtain any of these data, contact Joe . Allen, 1DIS World Data Center-A,
Boulder, CO 80303, Telephone (303) 499-1000, X6501, 28

At NOCAA, the primary use of the data is to generate the substarm catalog
which is compiled by Joe Sutorik and published weekly in the Preliminary Report
and Porecast of Sclar Geophysical Data, a product of the Space Environment Ser-
vices Center of NOAA's Space Enviromment Laboratory, This catalug provides
the date, onset time, and direction from Boulder (east, west, or centered) of
each substorm clearly identifiable by inspecting the chains stackplots. This
information 1s useful not only to researchers who wish to select data intervals
for studv, but also to operational personnel looking for explanations for "malfunc-
tioning' equipment.

SESC also uses the midlatitude IMS data to provide near real-time estimates

of the DST of magnetic storms,

28, Williams, D.J. (1976) SELDADS: An Operational Real-Time Solar-Terres-
trial Fnvironment Monitoring System, NOAA Technical Report, ERI. 357~
SEI. 37,
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MIDLATITUDE CHAIN H-TRACE DAY 8i= 3/22/79
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TICS AT 100 GAMMA INTERVALS

Pigure 35, Midlatitude Chain H-Trace Dav 81 (Courtesy of NCAA)

Table 7. U.S, -Canadian IMS Magnetometer Network

|

Alaska Chain

Johnson Point
Sachs Harbour
Cape Parry
Invvik

Aretie Village
Faort Yukon
College
Tatkeetna

Last=West Chain
Norman Wells
Fort Simipson
[.xnn Lake

Fort Smith

IFort Churchill Chain

Pelly BRay
Rankin Inlet
Fskimo Poimt
Rack

Gillon
Island [ ake

AMidlatitude Chain

Fusebio

san Juan
Bouldor
Tuesen

Tahiti
Honoludn
AMidway Island
Wiake Island
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oo AR WEATHER SERVICE NETWORK

A
i
At Wenther =Service (AWS)) rhrouzh s operational Torecast center o the
Ale Foree Global Weather Central «AFOAWOY, procides round-the-clock forcecasts
A Soevaticathns o the space envoeo enent, Dircedsonle aned ission tailored
oroducts e proavade d tocown e o vnrnery r DO cnstoe oS atfected by the solar-
cevcestriad enviconeaents A nnore peneral and wnder cange of custorner suppert s
povedd b v g co-operative effort it NCAN'S Spoce Eoaviromenta] Toabiorn -
ters o Bealder ) Codoradao,
AWM S currentiy receives real-tinoe observitions Toosn Nive sogpnetoine er sites,
Prose sites aoo Jocated at College, Alaskas Toring, Maimne; Goose Bay, Deborador; ;

Fooadiior, Cotronodor and Thule ) Grecland, Schonstedt TISA -1 vlayg

at- iitaometo-

‘ crer s Lre G oed s ith two corgoments set to sagnetie nerth Gt high and low i
Sensrnrsotie <) aned oorhied dn the vertical (Z) direciion, Strip chaoet recoeding is 1
il o the neat cadiving field control and recorder sonle factor Set ta ansure .
s thoe b Do senmeecite choomel w il B seale fooevents o cagnaude Kpoo o V]
Nevular cbse oo e cnbing s o cnde v ey 20 inutes cand oy ey and 1
! SonbUr. Lo lues transoaitted the Astrow cphveteal Telecormunications Net - ,
e AN o Lver thm 10 coeute = therestor, Data Tron the fiest four sites |
‘ e used s develop pscoude 0 o ceed three hourds o values, The three
’ Boaarly veites nore coanbanesdb o ceine e o An calenlution, Thule chservations, 1
¢ Tokerloane tne _:‘Hi.l!' CHP e e, e el Uesodd PR ol U Do, Aoserniicatn
veproverten an clhebal conoergee il be schieved shortly o aoth the addition of o 4
e Sireoat Eopes Hlevioed D Eanpland, Thi= addition will muke the real=time ‘
convernpe coranarable to the delaved Gontingen Chservatory caleulations, Presently,
the loss o one c tac Sites due toocanmunieation or miaintensnee problems severely .
degrades our ahitity Co specit the peeado :z]). Addition of real=thme dawva from the j
APCGH Alranetorrerer Netvork an Tate 1979 will greatly improve the quality and 1
velisability o the AWS sagnetoroere  producets, -
Sitee b ooenations " 4
Creonr met e Coorsiinates Geographic Coordimates ' h
Statiom N at 1.1 at N Lat I 1.at :
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F. SCANDANAVIAN IMS NETWORK

As a part of its IMS program the University of Munster has set up a large
network of magnetometers in the Scandinavian countries. The work has been
done in cooperation with scientists from following institutions: Geophysics
Laboratory, Aarleus University; Finnish Meteorological Institute, Helsinki;
Kirema Geophysical Institute; Sodamuyla Geophysical Observatory; Finnish
Academy of Science and Letters; Department of Plasmas and Physics, Institute
of Technology, Stockholm; Auroral Observatory, Trurso; and Uppsala lonospheric
Observatory, A total of 32 sites were selected (see Figure 36).  The magneto-
meters installed at these sites are three-component improved Gough-Reitzel
"posthald” units recording photographicully on 35 mm film, one sample per 10 sec,
The resolution is £2 nt with a film scale of about 45 nT.mm. The stations are
coordinated with several regular magnetic obzervations in Scandinavia and the
Kertz and Maurer chain of digital magnetometers (profile =5 inthe Figure 36),

A combined listing is given in Table 8.

The records will be used to perform detailed analvsis of spatial und temporal
behavior of high-latitude ionospheric current systems including tield-aligned cur-
rents in co-operation with other groups in the area operating all-stay cumervas,
riometers, auroral radar, ete, The N-S and E-W structures of geomagnetic
variations will be studied with periods down to 1 niin. Analog traces will be
digitized for sclected pervinds and such data will be avatlable Do co-operative
analvsis, For other times filin copies of the original magetograms wiil be
available at request in reasonable quantities, For more detailed infermation
please contact Prof. J. Untiedt, Institut fur Geophysik, Universtat Nunster
Gievenbecker Weg 61, D-4400 Munster V. R, G, Data from the Braunschweig IMS
magnetometer chain (profile #3) has been reported to be available with two differ-
ent time resolutions of 10 sec and 30 scc per sample (Figure 31),  Please contact

>

Dr. H. Maurer 33 Braunschweig, Mendelssohnstrasse 1, FLR.OG.
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Table 8,

Scandanavian IMS Network

Station
Profile Code Station Name Geogr. l.at. Geogr. long. E
1 FRE Fredvang 8. 08 13.17
Gl.O Glomfjord 66, 90 13,58
OKS Okstindan 65, 90 14, 27
RIS Risede 4. 50 15.13
HAS Hassela 62,07 16, 50
2 AND Andenes 69, 30 16,02
EVE Evenes 68, 58 16,77
R1J Ritsemjokk 67.70 17. 50
DVI Kvikkjokk 66. 90 17,92
SRV Storavann 65,78 18.18
LYC L.ycksele 64. 57 18, 68
3 MIK Mikkelvik 70. 07 19, 03
ROS Rostadalen 68. 97 19, 67
KIR Kiruna 67.83 20, 42
NAT Nattavara 66.75 21,00
PIT Pitea 65. 25 21.58
HOP Hoopaka 63.01 22,56
4 SOK Soroya 70. 60 19,03
MAT Mattisdalen 69. 85 22,92
MIE Mieron 69,12 23,27
MUO Muonio 68,03 23,57
PEL Pello 66. 85 24,173
ouL Oulu 65. 10 25,48
JOK Jokikyla/Pyhasalmi 63. 77 26,13
SAU Sauvamaki/Hankasalmi 62,30 26, 65
5 KEV Kevo 69. 52 27,00
IVA Ivalo 68.40 27.40
MAR Martti 67.28 28,20
KUU Kuusamo 65. 57 29,15
6 BER Berlevag 70. 85 29,13
VAD Vadso 70. 10 29,39
SKO Skogfoss 69.37 29, 42
7 NAM Namsos 64. 45 11,13
FLO Flotingen 61.88 12,23
ARV Arvika 59. 60 12, 60
ESM Esmared 56. 74 13.22
MAL Maloy 62,18 5. 10
HEL Hellvik /Egersund 58. 52 5. 77
KIL.I Klim 57,12 9.17
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' IGM MAGNETOMETER CHAIN  MAGNETOGRAMS  X-COMPONENT
§
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Figure 37. IGM Magnetometer Chain Magnetograms X Component
(Courtesy H. Maurer)
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G. UNIVERSITY OF ALBERTA NETWORK

The University of Alberta operates a line of four magnetometers extending
northward along ~ 300°E from Leduc, Alberta (60, GOON), which connects to an
east-west line of four magnetometers stretching along approximately 67. 5°N from
Uranium City, Saskatchewan, to Fort Providence, N.W.T. Fort Smithis a
station common to both the meridian and east-west lines. Table 9 and Figure 38
gives coordinates and location respectively. Each station is equipped with a
three-component fluxgate magnetometer recording H, D, and Z at a sample rate
of one sample per component every 2, 56 seconds, Timing is accurate to 0.} sec
and amplitudes are accurate to t1 nT over a full-scale range of 1000 nT. Aliasing
filters remove power in the frequency band f > 0,3 Hz, Riometers operating at
30 mHz functioned intermittently at all the sites at various times since installation
of the stations was effected in the late summer of 1976,

The University of Alberta east-west line provides coverage over ~ 129 of
longitude, but this coverage can be extended by utilizing data from Fort Simpson
(to the west) and Lynn l.ake (to the east) which were also in operation during the
IMS. The meridian line portion of the University of Alberta array can be extended
and supplemented by the addition of data from stations to the north (Resolute Bay,
Cambridge Bay, and Yellowknife), within the array (Meanook), and to the south
ol the line (Newport), This results in a meridian line with coverage extending from
~55"N to ~ 83N geomagnetic latitude.

Data from the array are maintained on nine track magnetic tapes at the
University of Alberta, Archive tapes providing 1 minute averaged values of
H, D, and Z at each station have been provided to World Date Center A. Small
suites of original data can be provided to Canadian experimenters at no cost,

Principal Investigator - Dr, Gordon Rostoker
Institute of Farth and Planetary
Phvsics and the Department of Physics
University of Alberta
FEdmonton, Alberta TRG 2J1
(403) 432-3713

Collaborators - Dr, John V. Olson
Dr. John ¢, Samson
(address as above)
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Table 9, University of Alberta Network

Geographic Geomagnetic Date
Lat, L.ong. Lat, Long. Activated

Site (°N) (°E) (ON) (°E) (1976)
Fort Providence (PROV) 61.3 242.4 67.5 292.0 Aug 11
Hay River (HAYR) 60.8 244.1 67.3 294.3 Aug 10
Uranium City (URAN) 59. 6 251.5 67.4 304.3 July 16
Fort Smith (SMIT) 60.0 248.0 67.3 300.0 July 11
Fort Chipewyan (FTCH) 58. 8 248.0 66.3 303.1 July 17
Fort McMurray (MCMU) 56.7 248.8 67,2 303.5 July 17
Leduc (LEDU) 53.3 246.5 60. 6 302.9 July 10

WHITESHELL

Figure 38. University of Alberta Magnetometer Array
(Courtesy of University of Alberta)
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H. ALASKAN NETWORK

The Geophysical Institute of the University of Alaska uperates a chain of
stations extending from the Pacific coast to the vicinity of the invariant pole
approximately along the 260°E geomagnetic meridian, This chain includes the
Canadian magnetic observatory at Mould Bay and a USGS observatory at College.
The USGS observatory at Barrow, situated to the west of the meridian chain is an
additional important auroral zone station. Table 10 lists pertinent information:
stations designated with an asterisk are part of the U, S. -Canadian IMS magneto-
meter network. Details of operation and data availability are given in the section
presented by J. Joselyn. Figure 39 shows the location of the Alaskan chain
stations. Data from the non-satellite relay stations are available from WDC-A
in Boulder as 1 month tapes with 5 minute averages,

Contact is: Dr, S, -1, Akasofu
Geophysical Institute
C. T. Elvey Bldg.
University of Alaska

Fairbanks, AK 99701
Phone: (907) 479-7367
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Table 10,

Alaskan Chain Stations

Geographic

Geomagnetic

Operating
Location Lat, N l.ong, W l.at, N l.ong, k Organization

Eureka 8o 85975 UAL
Isachsen 78. 80 104 VAL
Johnson Point* UAI.
Mould Bay! 76. 2 240. 6 79.1 255. 4 EMR
Sachs Harbor™ 72 125 75.27 266.40 VAL
Cape Perry’ 70. 20 124. 70 VAL
Inuvik" 68. 25 133.30 70. 58 266. 40 UAL
Arctic Village™  68.13 145. 57 67. 88 254, 52 UAL
Fort Yukon" 66. 57 145.28 66. 62 256. 80 VAL
Poker Flat 65. 13 147. 48 65. 12 257. 55 VAL
College™} 54. 88 148.05  64.60 256,30 GS UAL
Talkeetna 63. 30 150. 10 61. 88 256. 95 VAL

“U.S. -Canadian IMS Magnetometer Network Station.

¥ Energy, Mines, and Resources Canada Magnetic Observatory; magnetometer
with analog readout.

! U.S. Geological Survey Magnetic Observatory.
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IMS Alaska Meridian
Chain of
Geophysical Observatories

Invariont

Latitude
1 EUREKA 89°
2 ISACHSEN 86°
3 MOULD BAY g1°
4 JOHMNSON POINT 78°
5 SACHS HARBOUR 76°
6 CAPE PARRY 74°
7  INUVIK T4°
8 ARCTIC VILLAGE 69°
9 FORT YUKON 67°
10 FAIRBANKS 65°
#  TALKEETNA 62°
12 ANCHORAGE 61°

Figure 39, IMS Alaska Meridian Chain
(Courtesy of University of Alaska)
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I. INDIAN NETWORK

A total of 10 magnetic observatories are being operated in India, seven of
them by the Indian Institute of Geomagnetism, Colaba, Bombay, and one each by
the Indian Institute of Astrophysics, Kodaikanal; National Geophysical Research
Institute, Hyderabad: and Geodetic Research Branch, Survey of India, Dehra Dun.
The geographic and geomagnetic co-ordinates of the observatories together with
the year from which they have been functioning, type of equipment used, and
approximate value of D, I, H, Z, and F are given in Table 11,

Apart from standard magnetic variometers two of the observatories of
Indian Institute of Geomagnetism, those at Alibag and Trivandrum, are equipped
with locally fabricated micropulsation stations. At four of the magnetic observa-
tories of the Indian Institute of Geomagnetism the absolute determination of hori-
zontal and vertical intensities is made by vector proton magnetometers. The
Institute has also fabricated a receiving and recording station on Whistlers which
is shortly proposed to be installed at Srinagar in Kashmir,

For additional information please contact:

Dr. B. N, Bhargwa

Director

Indian Institute of Geomagnetism
Colaba, Bombay, India 400-005
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). NATIONAL INSTITUTE OF POLAR RESEARCH NETWORK

The National Institute of Polar Research has established a network of stations
along the 80th geomagnetic meridian in Antarctic and a conjugate point station at
Husafell, Iceland. Three of the southern sites, Syowa, Mizuho, (manned) and Al,
(unmanned) are operating with M2 (unmanned) scheduled for installation in
Septermnber 1979,

Instrumentation of the manned sites includes fluxgate magnetometer, induc-
tion magnetometer, 30 mHz riometer, VLF wideband receiver, and auroral TV
camera. The unmanned stations will include fluxgate magnetometer, induction
magnetometer, and 30 mHz riometer. The location of these stations is shown in
Figure 40 and their coordinates given in Table 12. The conjugate stations,
Husafell and Syowa, occupy areas corresponding to the northern and southern

hemisphere feet of the magnetic field lines through GEOS 1.

For additional information please contact:

Dr. Hiroshi Fukunishi

National Institute of Polar Research
9-10, Kaga 1-Chome, Itabashi-Ku
Tokyo 173, Japan

Telephone (03) 962-4711
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YAMATO 4,
MOUNTAINS ¢

HIRASE
GLACIER

LUTZOW -
HOLM BAY

SYOWA

LOE 35€

' (L~61)
b 20C 30C km
! o

(Courtesy of NIPR Japan)

Table 12. National Institute of Polar Research Network

Figure 40. National Institute of Polar Rescarch Magnetometer Array

DI IR "IN

Geographic Geomagnetic

Station Name Lat. Long. [.at. Long.
Syowa 69, 03°s 39. 6°E -70.03° 79, 39°
Al 69. 89S 41. 6°E -71.04° 79, 87"
{Unmanned Station)
Mizuho 70.7°S 44,33°wW -72.32° 80. 629
Husafell 64, 7°N 20. 9°W 70.19° 74, 24°
(Iceland)
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K. UNITED STATES GEOLOGICAL SLRVEY NETWORK

——— e

The USGS operates magmetic observatories as tabulated in Table 13, An
. additional observatory, Honoluly, is operated by the NOAA Weather Service but
- the data is processed by the USGS in its normal format,  The stations at Boulder, i‘!
= Sitka, Tucson, College, and Barrow are operating digital fluxgate-proton svstems.,
The first four employ a sample rate of one complete set every 10 seconds excopt
Barrow which is on a 20-sccond evele. The units at College, San Juan, and
Tucson also function as a part of the U.S, -Canadian IMNS Magnetometer Netwaork
utilizing satellite data relavs., The 1879-1980 program plans include the con-
E version of all stations to the digital fluxgate-proton system and the addition of
two new unmanned observatories, one in California at the base of the San Joaquin
range and one in either southern Texas ov northern Florida. The program also
calls for the replacement of the shared large computer facility with a dedicated
mini~computer with full station dial-up and check-out functions, The new com- 4
puter will also prepare individual monthly observatory publications containing
mean hourly values and station magnetograms. Base lines will be checked ;
periodically depending on the stability of the individual stations. Barrow is cur- '
rently being checked only every 4 to 6 weeks with excellent results, the major

limitation being temperature stability. Regional conductivity studies will also be

o —

completed as part of each new observatory installation.

}

] ‘ The repeat station survey program used as basic input for preparation of
!
! magnetic charts is also active. About 150 out of 250 such sites in the U, S, will |

be occupied in 1979. Similarly about 25 out of 50 Alaskan sites will be occupied

in 1979-1980 and as many as 10 South Pacific sites, logistics pernvitting.

’

Additional sites in all areas may be occupied over the next several vears to pro-

vide special support to the NMAGSAT program.

Contact for additional information:

| John D. Wood
] USGS
Branch of Electromagnetism and Geomagnetism
Denver Federal Center, NS964
! Denver, CO 80225
¢ Telephone (303) 234-5458

i
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Table 13,

United States Geological Survey Netwark

Geographic Geomagnetic
Location Lat. N Long. W f.at. N l.ong. E

Barrow 71.30 156,75 68, 64 241.55
College 64. 88 148.05 64, 60 256,30
Sitka 57.07 135.33 60, 09 275. 86
Newport 48. 26 116,99 55. 15 30. 74
Boulder 40.08 105. 14 49.0 316.5

Fredericksburg 38.20 77.37 49, 54 350,42
Tucson 32,25 110. 83 40, 48 312.72
San Juan 18.12 66,15 29,57 3.63
Guam 13.58 215,13 4.04 213.35
Honolulu 21.32 158,00 21.17 266, 99
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Appendix A

A List of Potential Events for Special Study

The intervals studied at the IMS Workshop held in Tokyo, March 1979,

During each of these intervals one specific event was chosen by the interval

co-ordinator., With one exception, there is no information as to the specific

events within the special intervals which were chosen. Full details can be ob-

tained from the discussion Chairman Prof. T. Saito, Geophysics Institute,

Tokoku University, Sendai, Japan.

Period

13-14 July 1977

16-19 Aug. 1977

20-23 Sept. 1977

9-10 Dec., 1977

14-15 Feb. 1978

Interval Co-ordinator

W. J. Hughes

J. Vero

D. Orr

B, Fraser

V. Troitskaya
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Astronomy Dept.
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Boston, MA 02215, USA
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Institute of the MTA
H-9701 Soprou, PF5, Hungary

Dept. of Physics, Univ, of York
York Y01 5DD, England

Dept. of Physics, Univ. of
Newcastle, Newcastle, New
South Wales, Australia

Institute of Physics of the Earth,
Moscow D-243, USSR
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Two other events were mentioned as being worthy of special study:

1. The interval just after ISEE 3 launch. The ISEE 3 magnetometer was
switched on 21:40 UT 12 Aug. 1978, and reached a distance of 50 RE from the
earth at about 1200 UT 15 Aug. 1978, This interval would be particularly good
for solar wind correlations,

2. The event of 11 December 1977, 1600-1800 UT, This event was
"discovered" at a workshop at Goddard held to study the 9-10 December interval,
Both H. Singer (UCLA) and T. Fritz (NOAA) found a pulsation in the magneto-
meter records of their respective spacecraft; ISEE 1-2 and GOES 2, Waves have
subsequently been found on SMS 2 and ATS 6. This appears to be an ideal event

with which to study ground/satellite correlations in details.
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Appendix B

Geomagnetic Field Workshop Questionnaire

1. Understanding how geomagnetic variations are produced - some important

unsolved problems:

a.
b,

o,

]

What information is needed to solve existing problem”
How can the information be made available”
How can ground based magnetometer networks contribute

i. latitude: midlatitude (AFGIL Chain, etc.) - high latitude
il, Orientation: North-South; East-West
i, Time resolution
What type of coordinated measures are desirable?
ground-satcllite

network-network

2. How can magnetic field data be used ‘o predict and/or monitor substorm

activity, pulsations, ring currents, convection, etc?

3. Indices:

a.
b,

What are the inadequacies of existing indices”

Should new indices be devised ?

4., Calibration:

. o

a.

b.

M 3 A A P N T B R TN

Can satellite measurements be used to calibrate ground based
instruments ”

Can ground based meacurements be used to calibrate satellite
instruments ?




5, Data dispersal: Are existing methods adequate?
6. Ground based networks in the post IMS period:
a. What are current plans?

b. What is required?
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Appendix C

Questionnaire Responses

Written responses to the questionnaire (Appendix B), distributed for discus-
sion during the workshops, were submitted post factum by Major V. Patterson,
Prof. R. McPherron, and Dr. Eugene W, Greenstadt, and are given below.

A. Response of Robert L. McPherron, Professor of Space Science, Department
of Earth and Space Science, UCLA, Los Angeles, California

What are some of the important unsolved problems of magnetospheric physics®
These include:

1. What causes the onset of a substorm expansion phase?

2. What controls where the substorm will occur, how big it will be, how long
it will last?

3. What determines the properties of particles energized and injected by the
substorm ?

4. What are the mechanisms for redistributing injected particles”

5. What are the loss mechanisms for these particles?

6. How is the energy released by the substorm dissipated in the ionosphere”

7. What effects does this energy deposition have on the ionosphere”

Many of us working on the subject of substorms have speculative answers to
most of these questions, but based on inadequate data. These models are quite
controversial and are certainly far from being quantitative.

What information is needed to solve these problems?
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1. Better monitoring instruments with higher time and space resolution,

2. Better distribution of instruments such as ground networks and multiple
satellites.

3. Better data acquisition techniques,

4. Better archiving and retrieval systems.

5. More support of researchers studying these problems.

As a specific example, | believe great progress could be made on the question
of substorm onset mechanisms if we had an auroral imaging device producing
high resolution pictures of the aurora at a rate of 1 per minute. Using solar
wind, with magnetospheric and ground network data obtained simultaneously, the
auroral pictures would help immensely in deciding which models to use in inter-
preting our ground data,

What contributions car the AFGI. chain of magnetometers make to substorm
stud.es” \We must first ask in what ways is the chain unique, These include:

1. One of the few constant magnetic latitude chains in the world.

2, Identical instrumentation at all stations.

3. Instruments have high sensitivity and low noise,

4. Data is acquired at very high time resolution.

5. Exceedingly accurate relative timing at all stations.

6, Data are acquired and stored in real time,

7. There is an extensive historical data file,

Geomagnetic phenomena which can be studied with the network data are those
which produce strong magnetic perturbations at sub-auroral latitudes. These
include substorm field aligned currents and pulsation phenomena associated with
the plasmapause such as Pi2 pulsations,

Both of these subjects are currently of great interest to magnetospheric
physicists and appear to be closely related topics. The onset of the expansion
phase of a magnetospheric substorm is characterized by a number of events
including a short burst of Pi2 pulsations and the formation of a wedge of field
aligned current diverting a portion of the near earth tail current through the
auroral oval, There is some evidence that the Pi2 burst is the initial transient
associated with the resonant properties of the circuit carrying this field aligned
current,

Since the cause of the substorm expansion onset is not presently known, it is
important to identify the processes which occur near the region of onset, at the
time ot onset, Pi2 pulsations can be used in such studies because they define
expansion onset times precisely. The AFGL network with i1ts high sensitivity,
low noise, high time resolution, accurate time, and location just equatorward of
the plasmapause is ideally suited for observations of Pi2 pulsations, One impor-
tant application of the network data would be to create a list of substorm expansion

onsets for use in substorm research projects,
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It is equally important to know where an onset occurs and how it subsequently

5 develops. Information regarding this question can be obtained from the east-west
magnetic variations (D component) measured along a constant magnetic latitude

] ' chain. The center of the sheet of field aligned current entering the ionosphere in

J the morning sector is near the longitude of maximum negative deviation in D,

The center of the outward current is near the longitude of maximum positive

!

i deviation in D. The center of the current system is where the D perturbation is
; zero, The AFGL network is ideally located for determining such parameters

;

]

when North America passes through the midnight sector.

Eand L

The preceding comments partially answer one of the major questions, how
can magnetic field data be used to monitor magnetic activity? pulsations ? etc.
(Question 2 in Appendix B).

The preceding comments are also relevant to question 3 regarding possible
new indices. Since the AFGL network is of limited extent in local time, it is not
possible to generate planetary indices. However, the data can be used to generate
indices during fixed intervals of universal time, For example, an important
contribution the network data could make would be to produce pulsation indices

for various types of magnetospheric wave activity. Specifically, a Pi2 index of

substorm activity could be generated by band pass filtering out the 60-second

period band. An indirect monitor of solar wind characteristics could be generated

o he-alET

by band pass filtering the Pc3 band.

The final question I would like to touch on is that of data dispersal (question 5
in Appendix B). It is here that the AFGL seems to be having the most difficulty.
Until very recently, few persons outside AFGL had ever seen the data. While it
is possible to acquire small amounts of data in graphical form, a request to study
a major portion of the digital data would not be easy to satisfy.

The cheapest and easiest way for AFGL to disperse the data would be to dup-
licate the entire data file as it is and send it to the World Data Center in Boulder.
Alternatively, AFGL can act as a data center, filling requests as they come in;
however, this requires staff specifically dedicated to this function. Still another

alternative would be to provide a dial-up computer link so outside users could

gain access to the on-line data files, This method is limited by the amount of

data kept on line, by the data transmission rate, and by the costs of the dial-up
[ link, It would also require software development to make possible access by other
computers.
| Any of the above methods is unlikely to result in extensive use of the data file
because of the costs involved in using the data. To obtain such use, AFGL will
have to support the cost of research on the data base. Possible methods include:
1. Reassignment of current AFGL staff,
2. Addition of new AFGL research staff.
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3. Visiting scientist positions.

4, Summer research positions.

5. Consulting arrangements,

6. Grants to universities or research organizations.

If the data are to be analyzed at AFGL, additional support must be put into the
mini-computer facility in the form of dedicated programmers and additional
hardware and software, Without this, AFGL's staff or visitors will not be able

to gain access to the data. In addition, institutional arrangements must be made
whereby those interested in the data can influence program development., For
example, in my opinion, a major problem with the existing data processing scheme
is that suitable averages and indices are not generated by the data acquisition and
archiving program at the time the data are acquired.

An attractive alternative is for the AFGL to sponsor research and develop-
ment grants in outside organizations, For example, the algorithms, programs,
etc, required to analyze AFGL data elsewhere could be implemented at AFGL by
existing staff members provided proper documentation of these was generated by
the grantees,

It seems likely that current research areas in geomagnetism will eventually
become matters of continuous importance to both military and civilian agencies.
When this happens, continual monitoring of magnetic activity with magnetometer
networks like AFGL, and also real time processing and display of data from these
networks, will be essential. I believe one important goal of AFGL research
activities should be to incorporate various research tools into the real time data

acquisition system so that their value in monitoring can be demonstrated,

B. Response of Dr. Eugene W. Greenstadt, Space Science Department,
TRW Defense and Space Systems Group, Redondo Beach, California

My answers to the items on your list of questions follow, Each reply is cast
in the frame of my own project rather than in the full generality of the questions,
which I presume are best answered in total by a panel or a composite of such
individual responses. Answers to the questionnaire:

l.a. Two types, more precisely, two scales of information are needed.
First, relatively brief, say, 2-hour to 2-day intervals of data corresponding
to identified events or sequences of events are needed for the study of the physical
transmission of waves through the magnetosphere to the ground. Second, rela-
tively lengthy intervals, say several hours of data each day for several months,
are needed to develop and test pulsation-based indices of magnetospheric and
solar wind parameters., Within either scale, the information content consists of

the time and amplitude, or power, of signals in selected frequency bands.
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1.b. The information can be made available from fluxgate or induction c¢oil
recordings as plots, films, tapes (or listings), depending on the application,
Plots and tapes can be made available by mail; taped data can ulso be made avail -
able by telephone line between computers,
l.c¢. i, Midlatitude networks, that is, stations equatorward of the plasma-
puuse like AVGL's, are advantageously situated to escape some of the extremes
. in variability of pulsation characteristics that affect stations connected to the

plasmatrough, The most cutstanding example is periodicity: a station at, say

! 60" magnetic latitude may pick up a resonant response it the low end of the Po3
! band, at a Pc3 amplitude, one day and the low end of the Peb band, at a Ped
amplitude, the next day because ol changes in density in the plasmatrough. How
can such measurements be compared? Badly.

To first order, the plausmasphere above the AT'GL chain tends to be more

stuble than the trough further north so that the stations ought to pick up signals

or resonances, if any, concentrated in the Pe4 band, That should help, because

’ the amplitude in the one band, from day to day, may be more directly relatable
to differences in the level of input perturbation, o signal, at the magnetopause,
and less to local variations in the magnetosphere, We do not belittle the prospect

¢ uf getting one variable out of the way in this business. Further, if this approach
works, it mav become possible to calibrate some of the more refractory, high-

i latitude data so as to make them more usable.

] l.elit. Additional reduction in variability can be achieved at certain local

times, so an E-W chain increases the probability that some station will be in the

optimal location often enough to build up an acceptable population of cases. This
probabilityv becomes even higher if Eskdalemuir (U.K.), for example, is consid-
ered as an eastern extension of the AFGI. network.

l.c.iii. Vor the explicit purposes I am enunciating a sampling interval of

R I3

20 seconds and a processing interval of 5 to 10 minutes to obtain, for example,
maximal amplitudes or spectral estimates, which would be adequate. This is rela-
tively undemanding and is well within the resolution of the AFGL system.

1.d. Ground-satellite co-ordinated measurements are necessary both for
studving cases and for satistical analysis, If the AFGL chain vields a decent re-

sult, then network-to-network co-ordination, particularly between the AFGI, and -

other stations at about 70" would be desirable,

2, Pulsations can be monitored by visual inspection of filtered or unfiltered
plots, by representations of filtered signals in terms of amplitude levels, power
spectral densities, or dynamic spectra (in order of increasing cost, complexity,
and information content). Such representations can be displaved as plots or re-
corded on tape for further processing and analysis. Some types of pulsations,

Pi2 for example, may be predictive of substorms or even, we may speculate, of
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geosvinchronous satellite anomalies,  Predictions of this sort are in their infancey
and require investigation and development,

3.a, As far as pulsations are concerned, the inadequacy of existing indices

oo

lies in the current lack of such indices. Years ago, Saito devised a pulsation
index he called Ke¢3, based on Pe3d measurements at one observatory, which cor-
related well with solar wind velocity, This development was never followed up
and never expanded into a worldwide index, The IMS network offers an opportunity
and, I believe, and obligation to attempt such a project.
3.b, New indices should be devised, but it will not be an easy task. It must
begin as simply as pussible with improved correlations that will lead to selection
or establishment of stations most suitable for a worldwide monitor system. It is
quite possible that the Air Force chain will serve as the core bases for recording 7y
data that can be fashioned into a worldwide index, or at least a midlatitude index. :
4.a.b. For the particular investigation and application I have in mind, 5
satellite-ground calibration, and the reverse, are intrinsic elements, ' 4
5. Yes and No. Existing methods are adequate, but the ATFGIL. svstem does
not appear at present to be set up to use themi. First-order processing, that is,
spectral selection of data has not yet been developed for either internal or external
use, and phone-line call-up capability has not been established for external use. 1
There did not appear to be a research plan at AFGL, whose unfolding would auto- }

matically result in the above facilities. For further detail, see commentary

below. L

6.a, Current ground-based plans seem to be mixed. Some recordings have f
already been terminated; some will be discontinued at the end of the IMS; some 4
after MAGSAT; some as budgets dictate. Some stations are just now designing ]
improvements for the future; signifying an intention to continue recording ?
indefinitely. 1

6.b. What is required is largely unknown for the simple reasons that there g
is a sizeable phase lag between reczording and analysis of IMS data. Serious i

inadequacies of IMS data collection, if they exist, may not become evident for a
year or two. One of the major accomplishments of the IMS, in which the AFGIL.
chain shares, is a great improvement in acquisition and recording technique,
which now is ahead of the capacity of the analysis community to absorb the data.
Although several significant results have already come out of the IMS, the bulk of
advances in both quantity and quality will undoubtedly arise in the early 1980's,
My view is that recordings should continue toward solar maximum until
analysis shows which deletions or changes will be profitable. Consider the Air
Force chain and pulsations as an example: recent work has shown the global
nature of some selected pulsation events; that is, several stations, both merid-

ionally spaced and conjugate to each other, observed similar manifestations at the
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same time,  Some of the data were displaved during the workshop,  The distance

limits on such similarity have not been established. It rnay (it may not) be that

A

the seven AV GIL. stations could be replaced by four with no serious loss of infor-
mation content, but I do not think we will know until well after the IMS is over

(see below). }

Commentary

AFGI. has installed an advanced system of geomagnetic data collection in ;

which the acquisition points are advantagcously located for at least some unpor-
tant geomagnetic investigations. Further, the data gathering and storage scheme

creates a file of data of superior organization and accessibility, The file so

§Sniat ala e

created contains gargantuan amounts of information which can be extracted only

TR

byv advanced techniques of data processing, IFortunately such techniques are

':"; available today, and at far less expense than thev were even a very few years
ago.

‘{ I found that certain kinds of processing had not been planned as an integral

part of the AFGIL. facility from the cutset. One purpose of the system is to recard

T

and apply field oscillations, but the basic content of the recordings from which
any analysis begins is a summary of what oscillations are present at a given time,
Even if the spectral content is not stored separately, and I think it definitely j

i should be, the capacity to comb any given set of tapes for spectral content should

be a routine library function fundamental to virtually any exploitation of the pul-
sation records, whether internally or externally originated.
In a sense, the entire AF(GI. net may be regarded as a single geomagnetic

instrument whose application requires an associated calibration., [ offer two

illustrations: suppose someone is interested in studying a selected storm or sub-
storm or a set of them — some IMS intervals, say. The disturbance fields would
be obtained by subtracting Sq' But what is Sq for each of the AFGIL. observatories

Any individual wishing to examine a particular interval can hardly be expected to
make a bulk analysis of the entire libirary to find S_ before he can begin work on
a 2-day storm. A set of Sq curves or tables should be regarded as a calibration
that's part of the system description. Similarly, there is a diurnal variation in
baseline pulsation level that can be used to indicate the best hours for selecting

passband data and the level above which pulsation events can be said to have

occurred. Curves and tables of such variations should be part of the svstem

et

description,
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Recommendations

3 I recommend an investment in data conditioning, processing, description and

communications as follows:

! l. Library routines, ormicroprocessor bardware, for digital fitering of the
! data with selectable passbands, start, and stop times, should be developed and

K debugged, or bought, with the utmaost dispateh,

[ 2. A capability of recording filtered output on tape, printed lHstings, and

plotted graphs should be acquired. 1 really see no reason AFGIL should not be
accumulating, storing, and perhaps even mailing out, the same sort of f-t dia-
: grams that Onagawa and Kakioka are providing,

3. Average, quiet-time characteristics of each station at all accessible fre-
quencies should be discovered, recorded, hsted, and printed as part of the svstem
description,

4. A capability of telephone line coupling that would permit external computer
access to any stored data set should be established,

In summary, the Air Force magnetometer net can be a productive element in
geomagnetic research and application, but some definite steps need to be made now

to turn promise into reality,

. Response of Major Vern Patterson, USAF, Air Weather Service,
Global Weather Central, Offutt A1¥B, Nebraska

1.a. What information is needed to solve existing problems” 1 believe a

means needs to be developed to provide worldwide ar hemispherical maps of geo-

magnetic variations. These maps should include spatial and temporal changes.
«OUne possibility would be to produce a film of a computer mapping program.)
Although the need exists to include satellite data, insufficient data is available at
this time. However, maps should be made using all available ground-based mag-
netometer data. One of the World Data Centers would be an ideal location for such
an effort, T am firmly convinced that the present magnetometer data is under-
utilized because of difficulty in handling it and in its use as either a point or line
source, A means of displaying the data would have to be worked out and this
would probably be a good topic for a future workshop and or for a suggested fund-
ing program for researca or studies on the possible applications of existing data,
. 1.b. How can the information be made available” Data in a standard format
should be provided to a World Data Center for distribution, Common formats are

a key element whether or not the data is provided by the World Data Center,

l1.c. How can ground-based magnetometer netwaorks contribute

o s

i. Latitude: Jlidlatitude, high-latitude, both are required, Probably

finer resolution is required at the higher latitudes,

i ii, Orientation: North-South: Fast-West: both arve required.
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[ iii. Time-resolution: Depends on the ability to time synchronize the
sites providing the data for the world maps. [ would like tu see
f the time resolution set at 1 minute. This might be impossible
1 fcr a large number of sites and one might have to go to 5-minute
resolution, The resolution should not be longer than 5 niinutes,
1.d. What type of coordinated measurements are desirable? 1 believe that
most emphasis should be placed on network-to-network co-ordination at this time. :
2. How can magnetic field data be used to predict” This topic is best
answered by the scientific community. This might be a good tupic for a mini- '
workshop, a review article, or for a notice application program, y
3. Indices. I firmly belie e that present indices are inadequate and that they ;
are being greatly misused, 1 am not sure that they can be improved greatly but a
review article explaining their origin, what they measure, and deficiencies is
needed.
4. Calibration, This question should be answered by Bob McPherron, UCLA.

Data dispersal: Are existing methods adequate® No! Data sources are

Y.
, not well known or centralized, Data formats are not consistent,
. 6. Ground-based networks in the post IMS period®
'! a. What are current plans” Check with Dr. J. Joselyn, SEL/NOAA,

b. What is required” It was agreed that strong support should be given

to maintaining the INMS Network.

E D. Other
The AL Gl. Magnetometer Network:

It was agreed:

1. AFGL should develop a time-series data base management system to pro-
vide data to various researchers, However, it is recognized that this must be a

limited effort as AFGL is not a data center,
2. In the future AFGI. should consider possible extension of their present

i

' system to include part of Dr. Stuart's chain in Western Europe. He has located

5 several stations along the 55" N latitude line used by AFGL.

EH

Vi 3. AFGIL and USCGS (U.S. Coast and Geodetic Survey) should look into the

] possible combined use of stations,
All Magnetometer Networks:

! 1. The present rnagnetometer networks provide the best set of magnetometer

data ever available. However, because of the research lag in using the data these
networks are all facing financial reductions before their full scientific importance

is realized.

o
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5 2, A great deal of concern was expressed about the potential loss of the IMS
; (International Magnetospheric Study) Network and the reduction or loss of other
Fy networks, [t appears that the [MS Network was justified on its ability to provide
{ near-real time science rather than on its being the most efficient way to collect
and store data. Now since very little real-time science has been accomplished
some NOAA personnel see little use in continuing the network upon completion of
! the program,

I 3. It was generally agreed upon that a letter should be prepared on behalf of

the workshop providing strong support to maintain the IMS Network.

Applications:

1. General
a. It was suggested that a second workshop should be held within six to
tuelve mmonths,  This group should be smaller and should studv » particular event
~r o selected problem, This group would take a tiger-team approach,

' b. Increased emphasis needs to be placed on data analysis rather than just

data collectian,

¢. Increased co-ordination between the solid earth and space physics
workers wtll tmprove geomagnetic field research.  Although each group is con-
cerned with different portions of the data spectrum (solid earth — internal geo-

] magnetic field: space phyvisices — external geomagnetic field), each group must be

;| aware of Jdevelopments over the full spectrum,

? d. It was suggested that a small amount of money be provided to support
a selective notice application funding program. An anncuncement of opportunity
could be made in which scientists would be invited to submit proposals to analyze
available data.

e. The present geomagnetic networks should not be reduced as these data
will provide excellent correlative support to upcoming satellite systems,

f. It was suggested that a review article be prepared covering all the
known magnetic indices. This article would describe the indices, what they meas-
ure, and the deficiencies.

L 2. Potential Application of AFGI. Network.

a. Improved reliability of AWS real time sites.

b. Use of pulsation data to specify the occurrence and location of sub-
storms and to specify solar wind velocities,

c. Correlative use of magnetometer data along with the SSJ/3 data to
determine the Q index.
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